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ABSTRACT 
An analog on-load v a l v e sequencing system t h a t i s used t o 
t e s t t he performances o f the va lves on a t u r b o - a l t e r n a t o r can be 
rep laced by a microcomputer t e s t i n g system. On the way t o the 
f u l l - s c a l e computer is ing o f turbo-gen era t o r c o n t r o l systems, 
t h i r j typo o f t e s t i n g system may be used under the c o n t r o l o f a 
f u i l - 3 i z e superv isory computer. Thais microprocessor-based 
t e s t i n g system provides t e s t sequencing o f the va lves of an 
E l e c t r o - H y d r a u l i c Governor. The hardware f o r the i n t e r f a c i n g 
and s c a l i n g , and the f i rmware f o r the microprocessor are developed 
f o r one v a l v e . The extens ion of the technique t o the t a s k o f 
t e s t i n g m u l t i p l e va lves i n sequence i s a l so discussed. 
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SUMMARY 
a 
Steam I n l e t va lves on the t u r b i n e o f ' ' t u r b o - a l t e r n a t o r 
c o n t r o l the mechanical i npu t power of the a l t e r n a t o r . I n t u r n , 
t h i s i n p u t power e f f e c t s the e l e c t r i c a l output power o f « 
g e n e r a t e . East v a l v i n g c o n t r o l o f the output power 
improves t h e system s t a b i l i t y d u r i n g the t r a n s i e n t d i s t u r b a n -
ces. For t h i s reason, the i n l e t va lves must operate e f f i c i e n -
t l y and r e l i a b l y . 
I n t ime , steam i n l e t va lves get worn or overlapped becau-
se of t h e mechanical and chemical e f f e c t s and t h e i r e f f i c i e n c y 
decreases. The va lves are t e s t e d remote ly f r o m the c e n t r a l 
c o n t r o l rooms and the permanent records o f t h e va lves per-
<xr» 
formance provided by A X-Y p l o t t e r are c o l l e c t e d , and the new 
records a re checked aga ins t the previous ones. Comparison 
of the t e a t t r aces w i t h prev ious records h i g h l i g h t s any change 
i n va lve permormance. The records a l s o i n d i c a t e f a i l u r e o f 
va lve ope ra t i ng systems, m a j o r i t y - v o t i n g c i r c u i t s and v a l v e 
t r i p p i n g systems. 
A t y p i c a l Valve Governor System w i t h i t s s p e c i f i c a t i o n s 
was obtained f r o m a manufacturer and reduced t o be e s t ab l i shed 
on an analog computer. Then the mathematical model o f the 
Governor on the analog computer was connected t o a m i c r o -
processor over a designed hardware i n t e r f a c i n g system. 
as 
Tke so f tware was developed t o do the same t e s t steps'* done on 
a c t u a l valve* Tke t e s t r e s u l t s are g i v e * . Some d i scus s ion 
i s inc luded on how the microprocessor-based on-Load va lve 
t e s t i n g technique can be extended t o achieve the task of 
t e s t i n g a number o f v a l v e s . 
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CHAPrER I 
TURBO- GENERATORS 
Th i s chapter b r i e f l y describes some of the bas ic 
c h a r a c t e r i s t i c s o f synchronous machines and a l s o provides 
t h e reader w i t h an unders tanding of the methods o f c o n t r o l 
o f t u rbo-gene ra to r s . 
Attempts have been made t o o u t l i n e the e s s e n t i a l 
p o i n t s of a b r i e f s p e c i f i c a t i o n . The emphasis i s on steam 
t u r b i n e d r i v e n generators and an o u t l i n e a n a l y s i s i s g iven 
of such a machine. 
1.1 D e s c r i p t i o n and Torque Concept 
I n the synchronous machines f i e l d windings are s u p p l i e d 
w i t h d i r e c t c u r r e n t and a l t e r n a t i n g cur ren ts are obtained 
f r o m or impressed on armature windings . Depending on the 
r o t o r shapes, synchronous machines are d i v i d e d i n t o two groups 
s a l i e n t pole machines and r o u n d - r o t o r machines. 
U s u a l l y the armature windings are placed on the s t a t o r s 
and the f i e l d windings on the r o t o r s . Synchronous machines 
r u n a t constant speed. The f l u x wave created by the armature 
cu r ren t r o t a t e s i n the a i r - g a p a t the same speed as the r o t o r 
r o t a t e s . So i t looks s t a b l e as i t i s viewed from the r o t o r . 
The i n t e r a c t i o n between the magnetic f i e l d created by the 
f i e l d cur ren t and the magnetic f i e l d created by the armature 
cu r r en t creates e l ec t ro -magne t i c torque. This to rque i s a 
f u n c t i o n o f the angle between the magnetic a x i s of the s t a t o r 
and the r o t o r or a l t e r n a t i v e l y between the s t a t o r and r o t o r 
magnetomotive f o r c e waves (mmf) and opposes r o t a t i o n i n the 
genera tors . The e l ec t ro -magne t i c torque has a nega t ive s i g n 
1 1 ' 7 » J 
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f o r generator a c t i o n where the nega t ive s i g n i n d i c a t e s t h a t 
the e l ec t ro -magne t i c to rque ac ts i n the d i r e c t i o n to decrease 
the displacement angle between the f i e l d o f s t a t o r and r o t o r , 
and i t has a p o s i t i v e s i g n f o r motor a c t i o n where the p o s i t i v e 
s i g n of the to rque i n d i c a t e s tha t the e l ec t ro -magne t i c torque 
ac t s i n the d i r e c t i o n to b r i n g these f i e l d s i n t o a l ignment . 
A steady torque i s produced i f the displacement angle i s kept 
constant which means t h a t the s t a t o r and r o t o r magnetic f i e l d s 
t r a v e l a t the same speed, as the magnetic f i e l d s of s t a t o r and 
r o t o r have constant ampli tudes . £ 8 3 . F igure 1.1. 
1.2 Vol tage - Current Rela t ions 
The equations g i v i n g the f o u r v o l t a g e - c u r r e n t r e l a t i o n s 
i n a th ree phase synchronous machine a re 
V«*rt*+sL& (1-a) 
v c = r i c ( i - c ) 
whereas are the t e r m i n a l vo l tages of the windings ; -£. a , 
4 ^ » ^£ a re the armature cur ren ts i n the assoc ia ted 
wind ings , tf i s the f i e l d cu r r en t . P i s the r e s i s t ance 
of the armature w i n d i n g and 1} i s the r e s i s t ance of the f i e l d 
w i n d i n g . *Y i s t h e f l u x l i n k a g e of each w i n d i n g and can be 
w r i t t e n as f u n c t i o n s of cu r ron t s , and the s o l f and mutual 
inductances of each wind ing so t h a t one can ob ta in f o u r 
v o l t a g e equations as f u n c t i o n s o f these q u a n t i t i e s . Since 
t h i s gives a ve ry complicated set of equat ions , a set of 
imagined vo l t ages , cu r ren t s and f l u x l i nkages a re d e f i n e d 
as f u n c t i o n s of the a c t u a l v a r i a b l e s . These new e l e c t r i c a l 
v a r i a b l e s c a l l e d " D i r e c t - a x i s and Quadrature-axis Va r i ab l e s " 
can be so lved as f u n c t i o n s of t ime and t h i s s o l u t i o n can 
he lp t o f i n d the a c t u a l v a r i a b l e s as f u n c t i o n s o f t i m e . 
For a t h ree phase synchronous machine, a t the i n s t a n t of 
F igu re 1 .2, the r e l a t i o n between the f i c t i t i o u s vo l t ages 
and the a c t u a l vo l t ages are as f o l l o w s 
Y cos e COS (9 -\un C o s ( d + 
3 
- sio a - s i * sin (© + \%#) (2) 
4/2 A/SL 
COS 6 - s i n e i 19. 
= Cos (e-lJW) (©-<KJ") \ (3) 
COS (d-M20*) i 
-3-
These equations can a l s o be r e w r i t t e n f o r the f l u x l i n k a g e s 
and cu r r en t s , by r e p l a c i n g IP1 w i t h and <. 
r e s p e c t i v e l y . I n the equat ions above, I9j i s the d i r e c t -
a x i s v o l t a g e , i s t he quadra ture -ax is vo l t age and 
i s the zero-sequence v o l t a g e . 
The s e l f and mutual- inductances o f a synchronous 
machine i s the f u n c t i o n o f the displacement angle & 
between the d i r e c t ax i s and the phase a x i s , except the s e l f -
inductance o f the f i e l d w i n d i n g because the s t a t o r has a 
c y l i n d r i c a l shape. 
F lux l i nkages as f u n c t i o n s o f cu r ren t s can be obta ined 
(4-a) 
(4-b) 
( 4 - o ) 
(4-d) 
.vhere L s i s the component of the s e l f - i n d u c t a n c e o f one 
phase of the armature which i s independent of the angular 
displacement 0 , Ms i s the component of the mutual 
inductance between two armature phases which i s independent 
of the angle , M f i s the ampl i tude o f the mutual inductance 
between the f i e l d w i n d i n g and any armature phase, L f f i s 
t he s e l f - i n d u c t a n c e of the f i e l d w ind ing , L m i s the 
ampl i tude of the component o f the s t a t o r s e l f - i n d u c t a n c e 
which i s dependent on the angular displacement. Eqs.4 may 
be w r i t t e n 
"fj = L j t , +Mf4; (5-a) 
Y 0 * L . t < , (5 -c) 
V i M ^ J + L f ^ / ( 5"d ) 
where = L - s + IA $ + l L w , ( 6 ~ a ) 
L ^ = L 5 + M S _ ^ L L „ ( 6 - b ) 
and L f l S L s - 2 M s ( 6 " c ) 
- 5 -
L j i and L 0 are constant quantities and called 
direct-axis synchronous inductance, quadrature-axis synchronous 
inductance and aero-sequence inductance, respectively. These 
machine constants can be determined from tests. 
From the equations given above, the following voltage-
current relations are obtained 
(7-a) 
(7-0) 
(7-d) 
These equations are for motor action. For generator action 
the currents t j and change the signs so that the 
equations become 
(8-a) 
-6-
+ L w j t - " t ^ J * " ( ° ' C ) 
1.3 Power Equations and The Concept of Stabi l i ty 
In the steady state, the power output of a salient-pole 
generator is given as 
PetE-qV r*+*1 . S i n ( i + X ) — 
******* 
V * r h v l " x ^ - Sin Jtf 
(9) 
where fLq i s the steady-state internal voltage of the 
generator, V i s the terminal voltage, 8 is the phase 
angle between the internal voltage and the terminal 
voltage V , P is the resistance of the armature winding, 
is called the direct-axis synchronous reactance 
and Aqsus^-f i s called the quadrature -axis synchronous 
reactance. ( UJ i s the s tat or angular frequency and $ auui 
where 8 i s the displacement angle). Here 
do) 
and 
Cos A - * 1 - (11) 
I f the machine is connected to the i n f i n i t e bus V is the 
bus voltage, i f i t ia connected to another machine V i s 
the internal voltage of the second machine. I f tho connection 
was made through an internal impedance, r , and 
would be added to the external impedance when the equivalent 
c i rcu i t replacement of these impedances was being done. I f 
the resistance is negligible, this power output equation of 
the generator simplifies to 
p B £aV_ S i n 8 + sin Z£ 
Xj ZXjX, 
This equation was shown graphically i n Figure 1.3. 
I f the machine had round rotor, x ^ would be equal 
to * j and therefore the reluctance power due to saliency 
represented by the second harmonic term would cease to exist, 
so that the power equation for the round rotor machine 
becomes 
p B J = a V _ s j n £ 
I n the case of the constant .Bq and V f the maximum 
o 
power occurs at and this power l i m i t is known as 
the Steady State Stabi l i ty Limit. 
The values of the voltages and the currents are rms 
values. 
In the transient state, the power-angle expression 
becomes 
P a § i ^ . * i n £ + V * - * i - * 1 - sin ZS (14) 
The voltage Bq i s the quadrature-axis voltage behind 
transient reactance, and v ' is the direct-axis transient 
a 
reactance. The oecond harmonic is negative since usually 
t 
x q > ,Xq . The amplitude of the transient power-angle curve 
is greater than that of the steady state. So, i f the duration 
of the suddenly applied overload is short, synchronism w i l l not 
be lost . Refer to Figure 1.4. 
For a synchronous machine the accelerating power i s 
given as 
P« = Pt- - P . s l ^ i i i 
and 
P_ = 
where = Input power of the machine 
Output power of the machine 
Moment of iner t ia 
Angular velocity 
I 
S = Angular displacement of the machine with respect 
to another machine or to the i n f i n i t e bus to which i t i s 
connected. 
- 9 -
At steady state the accelerating power equals zero and 
the power input equals the power output. Negative p 
ft 
represents retarding power and positive p represents 
ft 
accelerating power. The p versus £ curve shows that 
ft 
the 3ystera i s unstable i f the angle S increases without 
l i m i t . For generator action p^ i s the mechanical input 
power and p is the electrical output power. As derived 
earlier, this electrical output power is represented by the 
sinusoid on the power-angle curve. 
The equal-area cri terion is used to determine the 
Transient Stabi l i ty Limit. As the assumptions of constant 
input power, constant voltage behind transient reactance 
and no damping are made, the generator and the i n f i n i t e bus 
are i n balance at point a (Figure 1.5) on the pre-fault power 
curve. P^ is constant and therefore is parallel to the 
horizontal axis. The power-angle curve during the fau l t is 
lower than the pre-fault curve. When a faul t occurs electrical 
power output decreases and the operiting point a drops to the 
point b on the f au l t output curve. At this point mechanical 
input power exceeds electrical output power. This accelerates 
the unit causing the angle & increase. The acceleration 
causes the electrical output power to increase to the point c. 
Since at point c the accelerating power decreases but the 
speed of the machine is s t i l l high the angle increase to Sm • 
Thi3 results i n retarding power on the generator. Therefore 
the speed decreases as does the an^Le, and the operating point 
moves back towards c. The generator w i l l not pull out of step 
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during the transient disturbance i f the area A^ equals or 
is less than the area Ag on bhe diagram. This is the 
def in i t ion of the transient s t ab i l i ty l i m i t . I f the area A1 
i s greater than the area A j » the generator stays in 
synchronism with the syBtem. 
1.4 The Vo l t a^ Regulator 
One of the ways of improving the s t ab i l i t y margin is 
by increasing the internal voltages of the synchronous 
machine. 
Since the power output of a synchronous machine is 
proportional to i t s excitation voltage this output power is 
controlled by varying the f i e l d current. This variation 
may be achieved by use of an Automatic Voltage Regulator 
(AVR) or by manual control. By increasing the excitation 
voltage the amplitude of the transmitted power equation 
increases. When the steady-state l i m i t i n g angle exceeds 
90° a fast acting AVR increases the applied voltage to 
the f i e l d circuit of the machine; i n other words the 
demagnetising effect of the armature current is being 
opposed by maintaining the decaying f i e l d flux linkage by 
means of AVR. 
1.5 Fast Turbine Valve Control 
The technique of fast turbine valve control has been 
introduced elsewhere by some authorsftLThe principle idea of 
th i s technique is to enhance generating-unit s t ab i l i ty fo r 
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transient disturbances by increasing the c r i t i c a l faul t 
clearing time. 
Soon af ter a fau l t recognition the conijroller is 
designed to close the turbine valves for a short time period 
related to the time-integral of the difference between input 
power and output power, and then re-opened slowly. This 
action of the valves results in a decrease in the mechanical 
input power. By this means, the difference between the 
reduced generator electrical output power and mechanical 
input power is reduced quickly. 
On referr ing to the power-angle curve i n Figure 1.6, i t can 
be seen that i f a f au l t occurs while the turbine generator is i n 
balance with the power system at point P, the electrical output 
power of the generator w i l l drop to the point PI. After the 
fau l t clearance, the system is stable at newly established 
working point P2 on the pos b-f.iult power-angle curve. I n the 
diagram of Figure 1.6, the mechanical input power is shown as 
a. function of £ which arises from the fast valve operation. 
I t i s indicated by the dotted l ine . Fa3t valve action starts 
as the fau l t occurs. 
Since the transient s t ab i l i ty l i m i t i s given with i 
as the fast valve control concept is applied i t i s apparent 
that a s ignif icant ly increased c r i t i c a l faul t clearing time 
arises, f 1 J . 
1.6 Steam Turbine Governor Operation 
The decreased inertia-to-torque ra t io on large turbo-
generator units increases the control complexity of turbines 
arises 
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so that electro-hydraulic control systems essentially replaced 
the conventional mechanical hydraulic governing systems. 
In basic form, an electro-hydraulic governor is 
i l lus t ra ted in Figure 1.7 - Three main feedback loops 
are shown dotted. To this figure, a main stop valve just 
ahead of the main governing valves and a reheater stop valve 
just to the reheater output may be added C v ] * 
There are two different modes of governor operation; 
"Full-Arc Admission" and "Rartial-Arc Admission". As a 
br ief explanation; i n "Full-Arc Admission" operation, the 
control of steam flow to turbine is accomplished by t h r o t t l i n g 
the main steam through main stop valve while the governor 
valves are f u l l y open. I n the la ter mode, however, the main 
steam is thrott led through control valves while*stop valve 
i s wide open. Full-Arc Admission operation is done during 
wide range speed control and Rirt ial-Arc Admission operation 
is done during normal operation. 
In conventional mechanical-hydraulic governor systems 
the speed and the load reference signals were both applied 
before the regulating element as shown in Figure 1.8. The 
block 'Valve Operators of Steam Volumes' represents a l l valve 
controlling loops i n one generator control system. 
An attempt to overcome the d i f f i c u l t y that arises 
during the transfer of the operation modes, from one mode 
to the other, has been implemented i n electro-hydraulic control 
systems by making the load reference signal independent of 
regulation £ 4 J . Refer to Figure 
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Another proposed approach uses a conditional loop so 
that the selected higher loop error assumes the control £" 9 j 
Figure 1.10. 
For the purpose of generator protection against over-
speed there are usually two independent emergency governors 
provided. The one of them is Normal Speed Governor that 
operates Control Valves and Interceptor Valves, and the other 
is an emergency Trip system that shuts the Main Stop Valve 
and the Reheater Stop Valve on overspeed conditions. 
Sir.ce the input power of a turbo-generator is 
controlled by means of steaqfLnlet valves, s t ab i l i ty can be 
markedly altered by their action. They must operate 
e f f i c i en t ly and rel iably. 
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CHAPl'ER I I 
CKNERAL VJiflW OF MlCHOPItOCESSOR-DASEU CCMTItOL SYSTEMS 
The technical and ecananic features of micropcrocessor-based 
control systoms are investigated i n this chapter. This investigation 
has been extended into the use of some technical hardware arrange-
ments. Some of the important hardware configurations fo r the 
r e l i a b i l i t y aspects of on-line computer control systems are 
also discussed. 
2.1 The Convenience of the Instal lat ion of Microprocessors i n 
Control Systems 
Control equations can be formulated mathematically in a way 
such that d ig i ta l computers can perform the same tasks as analog 
controllers. However, the choice of on-line computer control 
loop 
systems is l imited since for single*control problems they may 
provide more complex solutions than an analog electr ical control 
system. As the complexity of control problems increases, both 
analog electrical and mechanical control systems soon become more 
and more complex whereas th i s is not necessarily the case f o r «J;»!tal 
controllers. In fact , complexity of the- controller directly 
effects the technical and commercial reasons fo r the choice of 
the kind of control system to be used, and both of these reasons 
are as important in the j u s t i f i c a t i o n of on-line computer control 
systems as they are for the j u s t i f i c a t i on of the other type 
controllers. 
Microprocessor-based control systems may replace analog 
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electronic or other forms of hardwired d i g i t a l e lect ronic , 
mechanical and computer control systems- {[20,3,22,10,123 • 
Since they are small, f a s t and have low cost computing; power, 
and they can perform many functions minicomputers do, these 
systems can improve control and do i t f o r a reduced cost. They 
o f f e r advantages i n performance, f l e x i b i l i t y , maintenance, cost 
and size. £22,12] . They allow the control systems t o perform 
l o g i c a l operations and give in te l l igence to control systems, 
[ l8 ^ , and they are also easy to program. Ind i rec t measurements 
whicJi are d i f f i c u l t to measure wi th analog control lers can be 
obtained i n microprocessor-based control systems by calcula t ion, 
. They can also be used as replacements f o r special / complex 
equipment which would otherwise be required t o implement the 
cont ro l . They enhance accuracy £22 ^ ; especially with d i g i t a l 
transducers £ l 3 ^ j , rather than wi th nonlinear analog transducers. 
D i g i t a l signals can be easi ly transmitted without d i s t o r t i o n 
whereas analog signals are prone to error because of t h e i r hard-
wired couplings and temperature var ia t ions . Since microprocessors 
are very r e l i a b l e electronic devices and give exact calculat ions, 
they provide increased accuracy i n control systems. As word 
length gets longer, accuracy of the machines increases. I n the 
market, 4 - b i t , 8 -b i t , 12 b i t and 16 b i t machines ex is t ; such as 
4040 ( 4 - b i t ) , H6800 ( 8 - b i t ) and CP1600 ( 1 6 - b i t ) . 
Microprocessor-based control lers can be reprograiwned and 
t h e i r hardware reconfigured wi th minimal physical modif ica t ion . 
The same hardware can therefore be used to obtain an en t i r e ly 
d i f f e r e n t cont ro l le r f o r a var ie ty of applicat ions. This sor t 
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of modif ica t ion increases the system f l e x i b i l i t y . Since micro-
processors are much simpler than f u l l size computers and can 
replace a number of analog cont ro l le rs , as a central element 
i n a control system [253 » ^ * a e B i 3 ^ e r to locate a f a i l u r e 
and replace i t i n microprocessor-based process control areas. 
Microprocessors are inexpensive electronic devices. They 
can be used t o provide a single control f o r a number of machines. 
Because microcomputers replace a number of analog control loops, 
the t o t a l cost of the replaced equipment helps to meet a 
considerable part of the cost of these computers. Because of 
t h e i r high performance and accuracy, i n some systems they reduce 
system power consumption and thus provide an economic advantage, 
L 2 6 j . They also increase the bulk of product since they are 
so fas t £22, »12^ J . A l l these make them an economic solu t ion f o r 
many applicat ions. 
I n large control systems microprocessors share the control 
loops and achieve the control under the supervision of a master 
computer, L18J • * n e control hierarchy microprocessors cannot 
Coordinating en t i re complex systems, generating up-to-date reports , 
doing cost accounting, e t c , require extensive storage and a single 
microcomputer may not meet these demands. 
2. 2 Sane Hardware Arrangement 'i'uchniques Used I n Conjunction With 
i.li cropro ces s or s 
Some, authors have made proposals to keep the number of A/D and 
OA, 
D/A converters used with one microprocessor down.^JThis approach 
resu l t s i n a drop i n the amount of the input and output port 
fie] 
perform the management functions because of t h e i r size. 0 . 1 8 J . 
-23-
addresses necessary. To u t i l i s e only one A/D and only one i / A 
converter f o r more than one input and one output of a microcanputer* 
analog input and analog output multiplexors are proposed. These 
mult iplexors get control commands to select the desired channels, 
Figure 2 . 1 . As e i ther of these two multiplexors receives a 
channel select s ignal , the converter connected to that mult iplexor 
w i l l be switched over t o that chosen channel. A f t e r the select ion 
of the channel, another command s t a r t s A/I) or D/A conversion, 
depending on which i s required. Thus one input address t o A/D and 
the 
one output address to I^A are dedicated. Track-hold c i r c u i t s are 
proposed t o keep the actuator at i t s l a t e s t posi t ion u n t i l the 
next data i s avai lable . |^ 21» 5 , 2 0 ^ . 
I n a microprocessor-based posi t ion cont ro l le r of machine 
tools a reg is te r which i s essent ia l ly an electronic device consist ing 
of f l i p - f l o p s was u t i l i s e d at the d i g i t a l side of each d i g i t a l t o 
analog converter. The f i r s t output data waits i n one of these 
regis ters u n t i l the other output data are housed i n the remaining 
•the 
reg i s te r s . Then these data are sent to d/a's. This gives an 
opportunity to apply a l l output data almost simultaneously, r e f e r 
t o Figure 2,2. The la tch registers duplicate t h e i r data towards -fcta 
D/As as they receive ind iv idua l control signals. L 21 1 • 
A t h y r i 3 t o r cycloconverter converts an a l t e rna t ing voltage 
of one frequency to an a l t e rna t ing voltage of another frequency 
by opening and closing the switches wi th in the converter i n 
appropriate manner. A microprocessor i s used to calculate these 
t r i g g e r i n g instants and to achieve the control of a three pulse-
cycloconverter. The equation that gives the SCR t r i g g e r i n g instants 
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needs sine and arcsine calculat ions. To increase the speed, a 
tab le look-up technique i s u t i l i s e d . This reduces the software 
overhead time. Again f o r the speed increment, the author used 
the Advance Micro Devices ( m u l t i p l i c a t i o n hardware) f o r 16 b i t 
m u l t i p l i c a t i o n i n a short time of 3j*sec, Table look-up 
techniquesand m u l t i p l i c a t i o n hardware have been used also by some 
other authors to meet the demands of fas t ac t ing control systems 
where the process time i s prime concern. Refer to £*10j and 
D O . 
2.3 R e l i a b i l i t y 
Considering technical and economic reasons i t can be 
seen tha t there are many advantages i n employing on-l ine computer 
control systems. However, since these d i g i t a l computer control lers 
are required to perform a multi tude of funct ions, a t t en t ion must be 
paid to r e l i a b i l i t y . I n conventional analog control systems, each 
func t iona l task i s performed by a dedicated hardware element and 
the-.' f a i l u r e of that pa r t i cu la r element ends with the loss of that 
func t ion . But, i f a computer f a i l u r e occurs i n an on-line computer 
control system, we lose a l l control . This loss of control cannot 
be tolerated i n most cases. I n order to be able to overcome th i s 
problem, a number of d i f f e r e n t ways have been considered. Canplete 
redundancy i s one of these approaches. But th i s i s not economic 
since twice as much money must be spent t o obtain a r e l i a b l e 
computerised process control . 
The f a c t that the cost of microprocessor has become so low 
made i t possible to employ more than one microprocessor i n one 
control scheme i n order that each microprocessor i s t o perform 
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only a small number of funct ions . To do so, one microprocessor 
f a i l u r e causes only the loss of the functions performed by this 
dedicated microprocessor. Thus, the control s t i l l exists since 
the other functions remained as they were. But t h i s way of 
so lu t ion may not be sa t i s fac tory , since one microprocessor i s 
obliged to perform only four or eight functions although i t i s 
capable of performing many more funct ions alone. 
More than one computer i n pa ra l l e l was . used as an 
a l t e rna t ive method of achieving r e l i a b i l i t y . I f one of them 
f a i l s the other one assumes control . 
A mul t ip le processor method i s used where a switchover 
mode i s acceptable, Figure 2.3. Here are, f o r example, two 
processors connected to the same inputs i n p a r a l l e l , and the 
same outputs can be switched over from one processor t o the 
other. C 2 3 . 
For the r e l i a b i l i t y and s u r v i v a b i l i t y aspects an a i r c r a f t 
f l y - b y - w i r e system uses four computer and voter un i t s . When a 
f a i l u r e occurs on the computer that has been doing the control 
tasks, the control tasks s tar t to be achieved by one of the other 
A backup system assumes the tasks to control the system as 
the computer f a i l s , i f manual control i s acceptable as the backup 
mode. A f t e r the computer f a i l u r e has occurred, the operator 
controls the process manually. I n such a control system, only a 
couple of nost important funct ions may be performed by the 
operator i n order to keep the most important and small part of 
the system running while the f a i l u r e i s being located and replaced, 
three computers. 
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Figure 2.4. £ 2 ^ . 
Where sufoty i s of main concern al l contro l J in , ; ; uignula 
should be checkod before they have reached the process. I n a 
gunpowder manufacturing plant, two computers are connected i n 
series to perform the control tasks of the hazardous process. 
One of these computers i s a complex one and works at super-
visory l e v e l . The other one i s a simple computer and has the 
tasks at d i rec t d i g i t a l control (DDC) l e v e l . Mainly the process 
control system has three d i s t i nc t control systems; Process 
Controller or Computer (Supervisory Computer), D i g i t a l Control 
System which may be a microcomputer and Analog Control System. 
Refer to Figure 2.6. The supervisory computer sends s tar t -up 
commands t o the programmable con t ro l l e r and provides set-point 
and d i g i t a l control signal to the analog control systan. Since 
the programmable con t ro l le r consists of the process shut-down 
l o g i c and some control l og ic , i t can check the sent commands, 
f o r example a command to switch a machine an or o f f , against 
i t s l og i c which has the status of the process elements. So 
there i s a double check of the commands before any ac t ion i s 
talc en i n the process area. The analog control system, i n 
e f f e c t , i s a s e l f contained system and can monitor a l l process 
var iables . I n the event of a computer f a i l u r e , the control of 
the process i s achieved under the operator commands sent from 
the Manual In terface Panel (seiai-automatic con t ro l ) . I n f a c t , 
a computer f a i l u r e i s indicated by analog values going i n t o 
alarm and a shutdown of the process computer. M B ] . 
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Some vendors introduced another method of backup systems 
t o handle computer f a i l u r e modes. For th i s backup system, 
f i r s t l y , manual control i s to be acceptable and each output 
channel must have ind iv idua l E/A converters. I n add i t ion , 
these output channels can be manipulated by an external source. 
Under these conditions, the discrete signals i n h i b i t the processor 
from changing the output. On r e f e r r i n g to Figure 2.5, i t can be 
seen that two indicators are used to indicate the input and. the 
output. For a given input the operator can change the output 
value, raise or lower, manually by using mode switching. I n the 
f i g u r e there are four independent channels. Each channel has i t s 
own output card that consists of an D/A converter and hold s ta t ion , 
so cal led. £2 ~\ . 
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QIAPPBE I I I 
StfTPC 6800 CQ.DTfl'ER SYSTEM 
3.1 General View of the System 
Since th i s system runs on 16 b i t address buses, one MPU can 
address up to 64 X; i n other words memory capacity i s 64 K. 
Information f low between the system's elements and also between 
the system and the outside world i s done on 0 -b i t b i - d i r e c t i o n a l 
data buses. The word length i s 0 b i t . £24,14]]* 
I t has 72 b.isic ins t ruc t ions . I t i s loaded wi th the machine 
codes of i t s assembler ins t ruc t ions . To obtain the machine codes 
of a program w r i t t e n i n assembler code there i s a need of a host 
computer that has the compiler to t ranslate the ins t ruc t ions in to 
machine codes. There are eight addressing modes i n the M6800; 
Dual Addressing, Accumulator Addressing, Inherent Addressing, 
Immediate Addressing, Relative Addressing, Indexed Addressing, 
Direct Addressing and lie tended Addressing. 
A SWTPC 6000 computer system consists of a Microprocessing 
Unit (MPU), a Read Only Memory (R0i'.l)» some Random Access Memory 
(RAM) S, some Peripheral In ter face Adapter (PIA) s and some 
Asynchronous Communications In ter face Adapter (ACIA) S . PIA 
provides pa ra l l e l i n t e r f a c i n g and ACIA gives s e r i a l i n t e r f a c i n g . 
But, i n f ac t , the :.1IKBUG hardware program i n 1 K MC6830 ROM 
enables a M06820 PIA package to be used as a s e r i a l i n t e r f a c i n g 
adapter. For our pro jec t , a M06320 PIA is used t o make s e r i a l 
TTY i n t e r f a c i n g to the MPU. 
Each of the M6800 f ami ly elements i n t h i s computer system 
operates on a single f i v e - v o l t s power supply. 
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A clock I s essential f o r the processor and the Interface 
c i r c u i t s . The system may be expanded up to eight interfaces 
and the various baud ra te (one baud i s so many b i t s ' f low per 
second) of each in te r face c i r c u i t can be selected by a b i t rate 
generator such as MCI4411. 
Figure 3.1 can give some idea of the connections of the 
system's elements i n blocks. Figure 3.1 also consists of a 
crys ta l control led o s c i l l a t o r used as a clock source. The 
control bus i n the f i g u r e i s shown b i - d i r e c t i o n a l . I n f a c t , 
some control l ines are only inputs to the MFU and some of them 
are only outputs from the MPU. I n addi t ion , a l l control l i ne s 
connected to memories have the signal flows from the MHJ to 
the memories only. 
3.2 ivi06800 Microprocessing Unit Q;IHJ) 
This i s a Large Scale In tegra t ion (LSI) device and 
consists of two 8 -b i t accumulators, one 16-bi t Index Register 
(X) , one 16-bit Program Counter Register (PC), one 16-bi t Stack 
Pointer Register (SP) and one Q-bit Condition Code Register (CC). 
The number of the program ins t ruct ions used t o ac t iva te the l o g i c 
and a r i thmet ic funct ions of the MPU i s T2. I t contains 
i n s t r u c t i o n decoding log i c , Ari thmetic and Logic Unit ( A . L . U . ) , 
and program sequence control . I t i s provided w i t h an 0 -b i t b i -
d i r ec t iona l data bus, a 16-bi t address bus and some control 
l i ne s ; Read/Write ( R / V / ) , Val id Memory Address ( V U A ) , Data Bus 
Enable (DBE), In te r rup t Request ( I R 4 ) . Restart (RES), Nan-
Liiskable In te r rupt ( tIMl), Go/Halt ( G / H ) , BUS Available (BA) and 
Three State Control (TSC). I t i s also provided wi th a two-phase 
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clock whose operating ra te i s up to 1 MHz. The MHJ uses the 
clock as a t iming reference to execute ins t ruc t ions . For 
example, the MHJ places an address on the address bus during 
one phase of the clock and the data bus w i l l be act ive during 
the other phase of the clock. Refer to Figure 3.2. 
The MPU transfers information between the memory uni ts 
and the outside world so that i f i t i s required the MHJ w i l l 
f e t c h an item of data from a memory address and then store i t 
t o the desired output. The sequential fe tch ing of ins t ruct ions 
i n the program memories i s done through the PC. A f t e r loading 
a program and g iv ing the s t a r t i n g address t o the PC reg is te r , 
the Go (G) command i s applied t o s t a r t the execution of the 
program. The processor then loads the address i n the PC on t o 
the address bus and the Read pulse (high 3tate of the R/W signal) 
strobes the data at the given address i n to the MHJ. The 
in s t ruc t ion decoding l o g i c of the MPU w i l l enable the MPU to 
in te rpre t the strobed data as an ins t ruc t ion or jus t a number. 
The execution of ins t ruc t ions i s done i n the A.L.U. A f t e r 
fe tch ing a data the value of the PC w i l l automatically increase 
by one. The new value i n the PC i s the next address f o r the 
MPU to get the next data t o execute. However, i f the program 
requires the resul t of an execution to be stored i n a memory 
loca t ion , then the MPU places the address, where the r e s u l t i n g 
data i s to be stored, on the address bu3. The output signal of 
an AMD whose inputs are the VMA and #2 clock signals w i l l inform 
the external devices of the MPU that there i s a v a l i d address on 
the address.bus. I n f ac t , t h i s enable signal i s applied t o the 
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Enable l ines (E) of the memories and I /O devices. The DB1S which 
i s normally the 02 clock signal puts the data on the data bus 
from the MPU. 
The IRQ l i n e of the MPU gets signal from PIA/ACIA. An 
in te r rup t signal w i l l be sent to th i s l i n e i f there i s an avai lable 
data on a peripheral while a program i s running. Hext, the present 
contents of the PC, X, accumulators and CC reg is te r w i l l be stored 
i n seven bytes of RAM s t a r t i n g wi th the memory address that the 
Stack Pointer (SP) contains, and proceeding i n descending order of 
memory addresses downwards i n sequential manner, i f the in t e r rup t 
mask b i t i n the processor condition code reg i s te r i s not set. Then 
the MPU set3 the in t e r rup t mask b i t to ensure that i t w i l l not 
response to any fu r the r in t e r rup t before the completion of the 
serving to the present one. The MPU s tar ts running a program that 
serves the IRQ. The s t a r t i n g address of the subroutine i s loaded 
in to the PC from two memory locat ions. The i n s t r u c t i o n RTI (Return 
from In t e r rup t ) causes the MPU status loaded wi th t h e i r contents 
before the in te r rup t occured. Upon completion of the service 
program the execution of the suspended program i s resumed. I n f a c t , 
t h i s way of data t ransfer from the outside world may save processing 
time i f i t i s compared with the way of data t r ans fe r r ing where a 
program would pe r iod ica l ly examine every single port i n turn f o r an 
available data. 
The RES signal recovers the J'JPU from a power f a i l u r e and i t 
may also be used f o r an i n i t i a l s tar t -up of the processor. To be 
able to communicate wi th the MPU through a teletype while there i s 
a program cont inual ly t h i s signal i s to be applied. That resul ts 
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i n stopping the program being executed. The RES signal i s also 
connected to the RES l i n e of PIAs. This signal has the e f f e c t 
of se t t ing a l l PIAs' regis ters to l og i ca l zero. 
The Go signal (high state of the G/H s ignal) s tar ts the 
execution of program at the address i n the PC. I f t h i s signal 
i s at low state program execution w i l l be halted. 
I n the high state the BA signal indicates that the MPU 
has stopped execution and the address bus i s avai lable . 
The NMI signal has no e f fec t of the in t e r rup t mask b i t 
i n the CC reg is te r . At the presence of t h i s signal the MPU 
status are stored away through the SF. The in t e r rup t mask b i t 
i s set. The MPU branches to a routine that serves t h i s i n t e r rup t . 
The address of the routine i s stored i n two memory locations and 
the CC is loaded w i t h t h i s address automatically. Upon completion 
of the routine, the previous program i s resumed by the MPU. 
3.3 M06630 Read Only Memory (ROM) 
This LSI device lias s t a t i c operation. I t i s a 1 0 2 4 x Byte = 
1K byte package. I t has the MIKBUG hardware program i n i t and IvUKBUG 
is unalterable. The MIKBUG monitor program does not only provide 
the user wi th the subroutines t o use i n h i s programs but also 
enables him t o examine a memory loca t ion and change i t at w i l l 
(except the memory locations of ROMs), and to s t a r t execution of 
h i s program, and to load an object tape, and to p r i n t a block of 
memory v i a a keyboard. 
MIKBUG also uses one Random Access Memory package as a 
temporary data storage. 
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3.4 M0681 0 Random Access Memory (RAM) 
This i s used t o s t o r e so f twa re programs. I t i s an a l t e r a b l e 
Read/Write memory. Each RAM i s organised as 128 Bytes . 
3.5 M06020 Pe r iphe ra l I n t e r f a c e Adapter ( P I A ) 
The H06820 Pe r iphe ra l I n t e r f a c e Adapter i s a p a r a l l e l t ype 
i n t e r f a c e adapter c i r c u i t . I t s MPU s ide has 18 l i n e s p rov ided . 
(Refe r t o F igure 3 .3) . E i g h t of these l i n e s form the b i - d i r e c t i o n a l 
data bus, and the others a re used f o r address ing and c o n t r o l l i n g the 
PIA and the i n t e r n a l r e g i s t e r s of the PIA. The p e r i p h e r a l s ide has 
20 l i n e s £.nd 16 of them form two 8 b i t b i - d i r e c t i o n a l data buses. 
Four out o f these 20 l i n e s are u t i l i s e d as c o n t r o l l i n e s . 
The address of PIA i s de f ined by hardware s e l e c t i o n l o g i c . 
The Chip Select (0S0, CS1, 052) l i n e s on the MPU s ide are used t o 
s e l e c t a PIA. The PIA i s programmable. Each PIA has s i x 8 - b i t 
r e g i s t e r s i n two se t s c a l l e d A s ide r e g i s t e r s and B s ide r e g i s t e r s . 
Each s ide has one Data D i r e c t i o n Reg i s te r (DDR), one Output 
Reg i s te r and one Con t ro l Reg i s t e r . V/hich set w i l l be u t i l i s e d as 
i n p u t o r output depends on the b i t p o s i t i o n s of the DDR. 
The MPU t r e a t s the DDRs and the Output Regis ters on each 
s ide as a s i n g l e memory l o c a t i o n and the MPU t r e a t s one PIA as 
f o u r memory l o c a t i o n s . 
I n con junc t i on w i t h t h e Reg i s te r Select (RS0 and R81) l i n e s 
one b i t o f the c o n t r o l r e g i s t e r d i r e c t s the 1.1PU t o the DDR or 
Output Reg i s t e r . 
On the MPU s ide o f the PIA t h e r e are two IRQ l i n e s ; one o f 
them i s used f o r the i n t e r r u p t reques t of one s ide and the o ther 
one f a r the i n t e r r u p t request of the o ther s ide . 
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Two c o n t r o l l i n e s CA1 and CB1 on the p e r i p h e r a l s ide a re 
only i n p u t . The CA2 and CB2 may, however, be programmed t o a c t 
as the p e r i p h e r a l outputs or the i n t e r r u p t i n p u t s . 
Since the PIA i s a p a r a l l e l l / O device , t o connect an 
ana log s i g n a l t o a PIA an Analog t o D i g i t a l (A/D) conver ter 
c i r c u i t i s t o be placed between the s i g n a l and the PIA ' s data 
l i n e s . The d i g i t a l outputs o f an 0 b i t A/D conver ter are 
connected w i t h these8 b i t data l i n e s . Since a convenient b i t 
p a t t e r n o f the CRA (CRB) may set the i n t e r r u p t f l a g of the same 
c o n t r o l r e g i s t e r d u r i n g a h i g h to low t r a n s i t i o n on t h e GA1 (CB1), 
t h e CA1 (CB1) c o n t r o l l i n e of the PIA may be connected t o the 
s t a t u s s i g n a l ( the s i g n a l t h a t i n f o r m s t h a t the A/1) convers ion 
has been completed) o f the A/D conver ter c i r c u i t . Since s e t t i n g 
one of the c o n t r o l r e g i s t e r b i t s may make GA2 (CB2) go h i g h , the 
CA2 (CB2) may be connected t o the "S t a r t Conversion" l i n e o f the 
A/D i n order t o make the A/D c i r c u i t s t a r t the convers ion . 
F i r s t l y a so f tware program loads the c o n t r o l r e g i s t e r w i t h a b i t 
p o s i t i o n se t so t h a t the GA2 (CB2) goes h i g h and consequently the 
convers ion s t a r t s . Upon complet ion o f the conversion the s t a tus 
s i g n a l o f the li/V goes low, so does the GA1 (CB1) and the progran 
may read the data i n t o the MPU a f t e r the r e c o g n i t i o n o f the IRQ, 
f l a g t h a t was set by h i g h t o low t r a n s i t i o n on the CA1 (CB1). 
3 .6 M06850 Asynchronous Communications I n t e r f a c e Adapter (ACTA) 
This M6000 f a m i l y element enables the user to make s e r i a l 
data communications w i t h the MPU. The use r ' s TTY c o n t r o l t e r m i n a l , 
Keyboard and Cassette Recorder may be i n t e r f a c e d t o t h e :.IPU 
th rough ACIAs. The M o t o r o l a ' s illKBUG hardware program i n 1 K 
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MC6830 ROM enables PIA t o be u t i l i s e d f a r the same purpose. 
Since v/e are u s ing a PIA i n the p r o j e c t t o make s e r i a l communi-
ca t ions , the re ferences £ 24^J, £"14] and £ 1 5 ! should be 
r e f e r r e d t o ob ta in the d e t a i l e d i n f o r m a t i o n about ACIA. 
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QIAPi'EH IV 
EXISTING GOVmtHUK SYSTEM AND ITS 
ANALOG COMPUTER MODELLING 
A v a l v e c o n t r o l l i n g system b lock diagram s u p p l i e d w i t h the 
s t ep -by-s t ep on-load v a l v e t e s t i n g procedure was obta ined f rom a 
manufac turer . This chapter mentions the b r i e f d e s c r i p t i o n o f t h i s 
e l e c t r o - h y d r a u l i c va lve c o n t r o l system opera t ion and t h e va lve 
t e s t i n g s teps. The reduced governor model w i t h some changes i n the 
b l o c k gains and t ime constants , and the mathematical model of t h i s 
system e s t ab l i shed on the analog computer are a l so g iven i n t h i s 
chapter . The block diagram c a l c u l a t i o n s f o r the analog computer 
s i m u l a t i o n , however, are i n Appendix A. 
4.1 The Governor S p e c i f i c a t i o n s 
The b lock diagram of the g iven E l e c t r o - H y d r a u l i c Governor 
system i s i n F igure 4»^» and the gains and the t ime constants g iven 
by the manufacturer are l i 3 t e d i n Table 1 . 
The Power P i s ton response i n the opening d i r e c t i o n and the 
A c t u a t o r response i n t h e c l o s i n g d i r e c t i o n f o r a 6 v o l t s tep inpu t 
a l s o g iven by the manufacturer i s i l l u s t r a t e d i n F igure 4 . 2 . 
Th i s Governor achieves the c o n t r o l t a s k f o r bo th Control and 
I n t e r c e p t v a l v e s . 
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GAIBs UNITY TIME CONSTANTS 
i a ssooada 
61 5.38 mi l l i - aapa / v o l t T1 .04 
62 2.666 oubio iaokes f l o w 
mUll-amp 
T2 .013 
1.25 1/Ar«a squ.iaokes T3 .16 
G4 20. lOVoll /Stroka iaokas T4 .0028 
05 1 . T5 •1 
66 .0755 1/Area aquoiackes T6 .1 
&7 . 1.666 lOVoK/Strokc iaokes 17 .1 
T8 1 . 
Tabls 1 . 
GAINa UNITY TIME CONSTANTS 
l a soooads 
62 2.66 oubio iaokes f l o w 
mi l l i -amp 
T5 •1 
63 1.25 1/area squ*iaokoo T6 .1 
i 
64 2. lOVolVstroko iaokes T7 0,0 
65 1. T»8 •01 
66 .0755 1/Aroa aqu.iaokss 
6 f7 55. lOVolVStroko iaokos 
Tablo 2 . 
4.2 B r i e f D e s c r i p t i o n o f The System Operat ion 
The Phase R e c t i f i e r w i t h the ga in G4 i s a L i n e a r Va r i ab l e 
D i f f e r e n t i a l Transformer and the p o s i t i o n t ransducer w i t h the ga in 
G? i s a r o t a r y type t ransducer . Since the Primary Ac tua to r and the 
Power P i s ton are pure i n t e g r a t i o n devices , t o o b t a i n a constant 
output p o s i t i o n o f these devices f o r a constant i n p u t s i g n a l and t o 
enhance t h e i r performance, the feedback paths are e s t ab l i shed around 
these devices . 
The Servo-Valve A m p l i f i e r i s an e l e c t r o n i c device and a m p l i f i e s 
t h e e r r o r s i g n a l . The cu r ren t supp l i ed by the a m p l i f i e r operates the 
Servo-Valve. The o i l f l o w f rom the Servo-Valve t o t h e Primary 
A c t u a t o r r e s u l t s i n the p i s t o n movement o f the A c t u a t o r . Since the 
P i l o t Valve p i s ton i s mechanica l ly i n connection w i t h the Primary 
Ac tua to r p i s t o n , the P i l o t Valve operates and a h i g h pressure o i l 
f l o w s i n t o the Power P i s t o n . The v a l v e opera t ion i s achieved over a 
l e v e r t ha t l i n k s the va lve t o the Power P i s ton . 
The gains of the Servo-Valve, Primary A c t u a t o r , the r e c t i f i e r 
g a i n G4, P i l o t Valve and Power P i s t on may vary between con t r ac t s where 
d i f f e r e n t pressure requirements e x i s t . The gains G1, G7 and a l s o G6 
i n F igure 4-1 va ry between Governor and I n t e r c e p t va lves . 
4.3 The A c t u a l On-Load Valve Test Sequencing 
4.3.1 Purpose, of the Test 
The on-load v a l v e t e s t i n g i s achieved by do ing the f o l l o w i n g i n 
sequence: s e l e c t i n g the v a l v e t o be t e s t e d , adding a nega t ive g o i n g 
ramp s i g n a l t o the ope ra t i ng Governor i n p u t s i g n a l and consequently 
c l o s i n g the v a l v e , t r i p p i n g the va lve , a p p l y i n g a p o s i t i v e go ing ramp 
s i g n a l t o the Governor i n p u t , r e - a p p l i c a t i o n o f the nega t ive going 
ramp, r e l e a s i n g t r i p and b r i n g i n g the va lve back to i t s p r e - t e s t 
p o s i t i o n . 
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Dur ing the t e a t a permanent record o f the va lve performance' i s 
p rov ided by an X-Y p l o t t e r . The X i n p u t of the p l o t t e r r ece ives the 
v a l v e p o s i t i o n output and the Y i n p u t i s i n connect ion w i t h the 
Governor i n p u t . The graph p l o t t e d d u r i n g the t e s t i s the i n p u t versus 
output curve. The curve charac te r i ses the behaviour of t h e Governor 
by i n d i c a t i n g i f t h e t r i p opera t ion has f a i l e d and i f the v a l v e be ing 
t e s t e d g ives unexpected response because of the eros ion on t h e v a l v e . 
G e t t i n g no v e r t i c a l t r ace i s the r e s u l t o f the f a c t t ha t t h e r e i s 
f a i l u r e of the t r i p opera t ion , because the p l o t t e r ' s X inpu t i s 
expected t o be zero and the Y movement s t i l l e x i s t s d u r i n g the ramp 
ope ra t ion f o l l o w i n g the t r i p p i n g o f the va lve . Any f r i c t i o n or f a u l t y 
response o f the v a l v e w i l l c ause ' \ i nk i n the t r aces be ing obtained 
d u r i n g the v a l v e c losure and re -opening . 
The newly recorded response f o r each v a l v e i s checked aga ins t 
i t s previous t e s t r eco rd and the d i f f e r e n c e s are observed t o gain 
ideas on the present cond i t ions o f the t r i p opera t ion system and the 
va lve i t s e l f . Then the necessary precaut ions may be taken t o a v o i d 
r i s k . 
4 . 3 . 2 Bas ic S p e c i f i c a t i o n s of the Used Pushbuttons 
The on- load t e s t s on the va lves are c a r r i e d out remote ly f rom a 
c o n t r o l room. 
There are a c e r t a i n number o f pushbuttons on the c o n t r o l panel 
dedica ted t o the same number o f the va lves on the t u r b i n e . These 
but tons a re c a l l e d "Select Pushbuttons". One va lve i s t e s t e d and 
one p l o t t e r record f o r t h i s va lve i s obtained a t a t ime . When pressed 
t h e bu t t on i n i t i a t e s the t e s t procedure on the a p p r o p r i a t e v a l v e . The 
Se lec t but tons are la tch-down type o f bu t tons . 
Also there are two n o n - l a t c h i n g pushbuttons t ha t have t o be 
pressed and he ld down i n sequence d u r i n g the t e s t s . These but tons 
a re common t o a l l va lves . One o f these n o n - l a t c h i n g ones c a l l e d "Test" 
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i n i t i a t e s a command t o i n t e r r u p t Llie present Governor s igna l when 
pro used and causes the r e s t o r a t i o n of bhe Governor s i g n a l when 
re leased by means of the . ramp s i g n a l . The other 
b u t t o n c a l l e d " T r i p " i s u t i l i s e d t o t r i p the va lve under c o n t r o l . 
The Selec t and T r i p bu t tons a l s o operate a se t of switches 
so t h a t only one v a l v e can be se lec ted a t a t ime and the T r i p 
b u t t o n cannot be depressed be fo re the Test bu t ton . 
4 .3 .3 De ta i l ed Test Procedure 
The on-load va lve t o s t i s done s tep by s tep as f o l l o w s : 
Sel ect Valve 
The va lve sub j ec t t o the t e s t i s se lec ted by press ing the 
bu t t on dedicated t o t h a t p a r t i c u l a r v a l v e . The s i g n a l obtained 
by p ress ing the b u t t o n r e s u l t s i n s w i t c h i n g the X i n p u t o f a 
p l o t t e r f rom i t s normal v a l v e p o s i t i o n i n p u t t o another X inpu t 
which i n t u r n g ives the X movement d u r i n g ^ e n c i r c l i n g ^ t h e 
v a l v e number on the p l o t t e r . The Y inpu t of the p l o t t e r i s a l so 
beer-
s u p p l i e d by the same module a f t e r the SEL'KCT command has A reached. 
A f t e r the va lve i d e n t i f i c a t i o n , the r e l a y i s re leased and the 
X i n p u t on t h i s r e l a y i s switched t o the va lve p o s i t i o n i n p u t . 
Another r e l a y c a l l e d "Fau l t Reset Relay" i s a lso energised and 
t h i s provides a s i g n a l t o the Governor c o n t r o l panel t o i n d i c a t e 
"on- load t e s t " i n progress. 
Press Test Pushbutton 
When t h i s t e s t bu t t on i s pressed down a ramp s i g n a l i s 
added t o the present Governor i n p u t s i g n a l and the v a l v e closes. 
D u r i n g the v a l v e c losure , the system a u t o m a t i c a l l y checks 
the s i g n a l s e l e c t i o n ( v o t i n g ) c i r c u i t i n the Servo-Valve A m p l i f i e r 
Press T r i p Test Pushbutton 
The T r i p Test Relay i s energised, t h i s r e s u l t s i n t r i p p i n g 
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t h e v a l v e . To avo id a c c i d e n t a l r a p i d v a l v e c losure t h a t would 
r e s u l t by depressing the TRIP b u t t o n be fo r e the TEST b u t t o n , here 
some switches are used as i n t e r l o c k s . 
Release Test Pushbutton 
The close Governor s i g n a l i s cance l led . The Pr imary 
A c t u a t o r operates bu t no va lve movement occurs. A l i m i t s w i t c h 
closes t o guard aga ins t a c c i d e n t a l r a p i d opera t ion o f the v a l v e . 
Press Test Pushbutton 
The close Governor 3 i g n a l i s a p p l i e d and the A c t u a t o r 
closes down. The va lve s t i l l s tays a t i t s close p o s i t i o n . 
Release T r i p Test Pushbutton 
The T r i p s i g n a l i s cance l l ed . 
Release Test Pushbutton 
The close Governor s i g n a l i s i n t e r r u p t e d and the v a l v e 
re-opens. 
Release Se l ec to r Pushbutton 
The f a u l t r e se t r e l a y i s de-energised and the "on- load 
t e s t " lamp on the Governor c o n t r o l panel i s e x t i n g u i s h e d . 
4.3 S i m u l a t i o n o f the A c t u a l Governor 
For s i m p l i c i t y , the g iven Governor model was reduced t o 
t h e system whose b lock diagram i s i l l u s t r a t e d i n F igu re 4«3-
The gains and t ime constants of t h e b locks used i n t h i s reduced 
system have been l i s t e d i n Table 2. The b lock diagram c a l c u l a t i o n 
of the system f o r the ana log computer s i m u l a t i o n i s g iven i n 
Appendix A. 
V/hen the c a l c u l a t e d blocks were connected i n t h e i r order 
t h e mathematical model f o r the ana log computer became as i l l u s -
t r a t e d i n Figure 4.4. 
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For b e t t e r observa t ion o f the system response the ampl i tude 
o f the s tep i n p u t was taken t o bo as b i g as-26.25 v o l t s . The 
nega t ive s i g n a l i s used to ob ta in the p o s i t i v e outputs of the 
a m p l i f i e r s 2A2 and B4. The Power P i s t on response in*opening 
d i r e c t i o n and the Ac tua to r response i n ' c l o s i n g d i r e c t i o n f o r 
-26 .25 v o l t a have been p l o t t e d and seen to be as i n F igure 4.5. 
As i t can be seen i n the f i g u r e , t he c a l i b r a t i o n has been done 
and the P o s i t i o n Output has been m u l t i p l i e d by t e n . To compare 
t h e actual, system responses o f the Ac tua to r and the Power P i s ton 
i n F igure 4 .2 w i t h t h e i r model responses, a f u r t h e r s c a l i n g has 
been done by. s w i t c h i n g the capac i to r va lue o f the a m p l i f i e r B4 
f rom 0.1 )KF t o 0.01 J*F and f e e d i n g the output s i g n a l of the 
pot P7 t o the summing a m p l i f i e r 2C5 over HULbut not 0.1 11SL. 
The Ac tua to r and the Power P i s ton responses obtained a f t e r the 
s c a l i n g are i l l u s t r a t e d i n F igure 4.6. The a c t u a l system responses 
can be e a s i l y compared w i t h the model responses i n F igure 4-7« 
This f i g u r e i s made up of F igure 4 .2 and Figure 4.6. 
The model response i s t en t imes slower than t h a t of t h e 
a c t u a l Governor. 
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F igu re 4. 5 Power Piatoa response i n opening d i r e c t i o n and 
Ac tua to r response i n c l o s i n g d i r e c t i o n 
t o -26 .25 v o l t s tep i n p u t 
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CHAPTER V 
HICROPROCESSOR-BASED Ol'l-LQAD VALVE SEQUENCING 
Microprocessor-based On-Load Valve Sequencing i s developed 
i n t h i s chapter . The chapter describes b o t h the manner i n which 
the MC6800 microprocessor i s i n t e r f a c e d t o the e x t e r n a l systems 
and the manner i n which the microprocessor program i s developed. 
The arrangement of the p l o t t e r paper used t o o b t a i n a permanent 
record of v a l v e performance and the t ime c a l c u l a t i o n of the ramp 
s i g n a l created v i a the Bystem s o f t w a r e are given i n t h i s chapter. 
124,14,15!]. 
5.1 System Hardware Organ i sa t ion 
The exper imental system contains the M06800 microprocessor , 
4096 words of the 128 x 8 RAM (MCM681 0)s , a 1024 x 8 ROM 
(M06830) and th ree M06820 EE As. 
The present p e r i p h e r a l s i n c l u d e ; one A/D and two E/A 
conver ters t o produce d i g i t a l i n p u t t o and analog outputs f rom 
the computer! a Tele type f o r opera tor communication, a Connection 
Box t o o b t a i n f l e x i b i l i t y i n connections d u r i n g the system setup, 
the Cont ro l Panel t o place the necessary equipment (pushbut tons, 
a m p l i f i e r s and r e l a y s ) , an X-Y p l o t t e r and the Analog Computer. 
A f a i r l y b a s i c b lock diagram i s shown i n Figure 5 . 1 . 
There are two PIAs used f o r t h i s p r o j e c t apa r t f rom t h e 
FIA-3 used f o r i n t e r f a c i n g the TTY. 
Because i t i s poss ib le t o arrange the c o n t r o l l i n e s CA1, 
CB1, CA2 and CB2 o f a H A on the p e r i p h e r a l s ide as i npu t s or 
outputs and because the MPU may c o n t r o l the cond i t ions of these 
l i n e s on reques t , the " s ta tus" l i n e o f the A/D conver ter was 
connected t o the c o n t r o l l i n e CB3 and the "Convert Command" l i n e 
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was oonnected t o the c o n t r o l l i n e CB4. The necessary so f tware 
was prepared t o c o n t r o l and complete the conversion. The second 
s ide o f the PIA-1 has been e s t ab l i shed as the output s ide and the 
8 - p a r a l l e l data l i n e s on the p e r i p h e r a l s ide o f the P I A - 1 were 
connected t o the i n p u t s of the conver te r D / A - 1 . The c o n t r o l l i n e s 
CA1 and CA2 have been es tab l i shed by the so f tware as i n p u t and 
ou tpu t , r e s p e c t i v e l y . 
One s ide of the second PIA i s a l s o connected t o another D/A 
conver t e r named D/A-2. The c o n t r o l l i n e s o f t h i s s ide CA3 and CA4 were 
e s t ab l i shed again by t h e sof tware as inpu t and o u t p u t , r e s p e c t i v e l y . 
Only one c o n t r o l l i n e CB2 o f the second s ide o f the H A - 2 was 
e s t ab l i shed as i n p u t . 
The commands SELECT, TEST, TRIP and PEN (on - o f f ) were 
connected t o CA1, CB2, CA3 and CA4, r e s p e c t i v e l y . CA2 was used i n 
connect ion w i t h the r e l a y R2 and R3 i n order t o ob ta in t h e computer 
c o n t r o l o f the r e l a y s ' opera t ions . 
The A/D and D/As cons is t o f ZN425 8 - b i t dual mode s i n g l e ch ip 
conver te r s . The c lock f requency of the A/D i s 259.9 KHz. For f u l l -
sca le r ead ing the maximum convers ion t ime i s 
2 B 0.985 m i l l i s e c o n d 
259.9 x 1 0 3 
The f u l l scales o f the conver ters have been set a t 3.8 v o l t s . 
5 .1 .1 Connection Box 
From both PIA-1 and PIA-2 s i x out o f e igh t c o n t r o l l i n e s 
CA1, CA2, CB1, CB2, CA3 and CA4 have been connected t o 4 mm sockets 
an the box. Two D/A output l i n e s and one A/D i n p u t have a l so been 
connected t o t h r e e 4 mm sockets . I n a d d i t i o n , the grounds o f the 
conver ters have been placed on t h i s box t o ob ta in a r e f e r ence f o r 
t h e i n p u t and ou tputs . F igure 5 - 2 i l l u s t r a t e s the t op view of the 
connect ion box. 
Th i s box has been prepared f o r qu ick and easy a l t e r a t i o n o f 
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t h e connections d u r i n g the system setup. 
5 .1 .2 Cont ro l Panel 
A c o n t r o l panel w i t h th rcu pushbuttons was b u i l t . The but tons 
l a t c h down and glow when pressed. They have to be pressed a second 
time to re lease them. Each b u t t o n energises a c i r c u i t made up w i t h 
two inverters connected i n se r i e s and the output of each c i r c u i t i s 
connected t o a 4 i.un socket . Vfhen the b u t t o n i s on there i s 5 v o l t s 
a v a i l a b l e a t the a s soc ia ted socket . These pushbutton c i r c u i t s 
p rov ide adequate i n t e r f a c i n g of the commands SELECT, TEST and TRIP 
t o the PIAs' c o n t r o l b i t s . I n a d d i t i o n , the TRIP bu t ton has been 
d i r e c t l y connected t o a double pole form C D . I . L . Reed Relay (R1) 
t o operate two r e l ays i n one package, s imu l t aneous ly ,F igu re 5-3. 
A Zener Diode C i r c u i t w i t h the gain 0. 5 was b u i l t t o i n t e r f a c e 
the analog model output w i t h the maximum 3.1 v o l t s to the cor.i7>uter. 
The Zener breakdown v o l t a g e i s 6.2 v o l t s . Refer t o F igure 5-4. 
To operate two r e l a y s R2 and R3 by means of one c o n t r o l l i n e 
(CA2) o f the PIA, the c i r c u i t i n Figure 5*5 was establishr-id. The 
p o i n t 5 i s a 4 nun socket . 
The box a l so houses three n o n - i n v e r t i n g OP Ampsused t o secure 
n o - c u r r e n t - f l o w t o the p l o t t e r and analog computer. One of the 
purposes o f the CP Amps i s to e f f e c t the c a l i b r a t i o n s . Refer t o 
F igure 5.6. 
5.1.3 Hardware System Setup 
The o v e r a l l diagram i s shown i n Figure 5-0. 
The t e s t system was connected t o the mathematical model o f 
t h e Governor. Once the Analog Computer i s switched t o the "ca ipu te" 
node, a l l the t e s t sequencing i s achieved f rom the Cont ro l Panel, 
TTY, and the Microcomputer. 
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A sheet of A'! char t paper i s used t o o b t a i n a permanent 
record o f the va lve performance. How such a paper has been 
ur:i.uri,'jud i s expla ined i n Lin; System Sof tware pa r t of the t h e s i s . 
When the sof tware i t : r u n , the SELECT b u t t o n has t o be 
pressed to s t a r t the s tep-by-s tep t e s t i n g sequence. When t h i s 
b u t t o n i s on, the p l o t t e r i d e n t i f i e s t h e r e q u i r e d v a l v e by under-
l i n i n g one o f the p r e - p r i n t e d code numbers on the p l o t t e r paper. 
Then a constant i npu t i s f e d t o the model. The TEST b u t t o n i s 
pressed t o close the v a l v e by decreasing the Governor i n p u t t o 
zero . Then the TRIP b u t t o n i s pressed t o t r i p the Power P i s t o n . 
Releas ing the TEST i n i t i a t e s a command to increase the Governor 
inpu t s i gna l f rom nought t o i t s p ro - t e s t va lue . Then the TEST buii 
i s pressed to decrease the Governor i n p u t t o zero . A t the 
bottom s top o f the p l o t t e r pen the TRIP and TEST but tons are 
re leased i n sequence. V/hen the v a l v e rega ins i t s p r e - t e s t 
p o s i t i o n the SELECT b u t t o n i s re leased . 
D r i v e r 
The Governor s i g n a l obtained f rom the canputer i s sent t o 
the conver te r D/A-2 and the analog s i g n a l a t the output o f the 
D/A-i'i i s f e d to the OP Aup- ' l . The g j . i n o f the a m p l i f i e r i s 2 .26. 
The purpose o f the a m p l i f i e r i s no t only t o prevent the conver te r 
froi: i the poss ib le c u r r e n t - s i n k e f f e c t of the p l o t t e r and the 
Analog Computer, but a l so t o a m p l i f y the p l o t t e r ' s Y i n p u t 
s i g n a l d u r i n g the va lve i d e n t i f i c a t i o n procedure. The a m p l i f i e r 
output i s a p p l i e d t o the Y i n p u t o f the p l o t t e r and t o the pot 
2P13 whose va lue i s 0.306 when the r e l a y R2 i s s h o r t - c i r c u i t e d . 
T h i s pot i s on the Analog Computer. A summing a m p l i f i e r (2A3) 
o f the Analog Canputer i s u t i l i s e d t o ob t a in the ga in of 10 and 
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s i g n i n v e r s i o n . The s ign i n v e r s i o n was necessary since the 
nega t ive Governor i n p u t g ives a p o s i t i v e Governor output . 
The values of the OP Amp-1, the pot 2P13 and the a m p l i f i e r 
2A3 were arranged so t h a t the ampl i tude of the Governor i n p u t 
would be 26.25 v o l t s f o r the maximum l / A - 1 output 3.8 v o l t s . 
The ob ta inab le maximum g a i n of the summing a m p l i f i e r i s no t more 
than 10. 
Sensor 
The Zener Diode C i r c u i t r ece ives the P o s i t i o n Output, 
m u l t i p l i e s i t by 0.5 and feeds to the OP Amp-3. The purpose of 
t h e c i r c u i t i s that the diode r egu l a t e s the A/l> i n p u t aga ins t 
v a r i a t i o n s i n the model output rind a l s o aga ins t v a r i a t i o n s i n 
the A/D i n p u t cu r r en t . The Zener breakdown vo l t age i s 3 .6 v o l t s . 
Since the maximum value o f the P o s i t i o n Output i s l e s s than 7.2 v o l t s 
the ga in o f the c i r c u i t waa chosen t o be 0. 5. The OP Ainp-3 w i t h the 
g a i n of 1 was placed t o prevent t h e i n t e r a c t i o n between the Zener 
Diode C i r c u i t and the k/n conver ter . The output o f the OP Amp-3 
supp l i e s the s i g n a l t o the A/D and, when the r e l a y H3 pos i t i oned t o t 
X i n p u t o f the p l o t t e r over the OP Amp-2 whose g a i n i s 3 .35. The 
OP Amp-2 prevents the cur ren t draw of the p l o t t e r f rom the conver te r 
D / A - 1 . The ga in was chosen h igher than one i n order t o ob ta in more 
d i s t i n c t r eco rd o f the va lve performance and l a r g e movement on the 
X a x i s d u r i n g the t e s t sequencing. 
Other Connections 
The outputs of the SELECT, TEST and TRIP c i r c u i t s were 
connected t o CA1, CB2 and CA3 sockets on the Connection Box over 
the s p e c i a l l y prepared leads shown i n F igu re 5.7- The reason why 
t h e leads were arranged v/as the f a c t t ha t t h e PIA c o n t r o l l i n e s 
CA1, CB2 and CA3 were f l o a t i n g when t h e i r i npu t s (SELECT, TEST and 
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TRIP) were zero . Wi th t h i s arrangement o f connections i t was 
ensured t h a t when t h e i r i n p u t s are zero these c o n t r o l l i n e s are 
earthed and do not f l o a t . 
The r e l a y s R11 and R12 i n the r e l a y package R1 were arranged 
as i n F igure 5 .8. When TRIP i s on the i npu t o f the po t P2 i s 
earthed and the i n p u t of the a m p l i f i e r B4 over 0.1 M J l i s connected 
t o i t s output . Th i s R11 ope ra t i on produces the same e f f e c t as the 
T r i p Test Relay does on the a c t u a l v a l v e . Al though the pot P2 
i n p u t was ear thed the a m p l i f i e r B4 would s t i l l i n t e g r a t e and 
produce non-zero output which i s p a r t l y the r e s u l t of the f a c t t h a t 
the ga in of B4 i s as b i g as 100. F.or t h i s reason the r e l a y R12 was 
f e l t t o be necessary. I n f a c t , even i f the B4 i n p u t over 0.1 M A 
was earthed when TRIP was on, the a m p l i f i e r would s t i l l i n t e g r a t e . 
That was why the B4 output would be s h o r t - c i r c u i t e d w i t h t h i s B4 
i n p u t when TRIP was on. 
The CA4 socket on the Connection Box was connected t o the 
PEN command i n p u t o f the p l o t t e r over a piece of w i r e . The CA4 
i s set t o +5 V or t o 0 V through the s o f t w a r e . When the PEN 
command inpu t i s supp l i ed w i t h +5 V the pen i s an, otherwise i t i s 
re leased . 
The socket c a l l e d CA2 i s connected, over a w i r e , t o the 
p o i n t 5 socket on t h e Con t ro l Panel t h a t p o s i t i o n s the r e l a y s R2 
and R3. The socket CA2 i s energised and de-energised under the 
so f tware c o n t r o l . Th i s enables the computer t o c o n t r o l the 
operat ions of the r e l a y s R2 and R3 when the socket 5 i s connected 
t o CA2. The I / A - ! output i s u3ed to g i v e the X movement d u r i n g 
va lve i d e n t i f i c a t i o n on the p l o t t e r . This computer output i s not 
u t i l i s e d before or a f t e r the va lve i d e n t i f i c a t i o n . 
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5«2 Software Development 
The software has been prepared as program packages 
of 
fex eaee^applications-oriented nan-programmers. The system 
software includes 10 subroutines whose purpeses i n general a r e : 
creat ing the negative and pos i t ive going ramp s igna l s a t one 
of the microcomputer's output ports ,reading the present input 
s i g n a l a t the input port, s tor ing the data used for the valve 
i d e n t i f i c a t i o n i n the dedicated memory locat ions , and enabling 
the TTY to print the ocmmands that inform the operator of what 
to do next. [153» 
5« 2.1 P lot ter Riper Arrangement 
There are 20 d i f f erent numbers on the ac tua l p lo t t er paper 
sheet i n two columns each cons i s t ing of 10 numbers. Each number 
belongs to one valve en the system. 
The Igipe of paper arranged to be used i n the microprocessor-
based control system i s i l l u s t r a t e d i n Figure 59, The dlgt&aea 
between two subsequent numbers on the same column has been a s -
sumed to be 1.5 cm and the distanoe between two numbers on the 
same row has been assumed to be 2 cm. Also i t was assumed that 
the pen of the p lot ter draws 1 cm length of l i n e under the number 
during the valve i d e n t i f i c a t i o n of the p lo t ter . For these r e a -
sons the sea l ing on both axes has been taken to be 500 mV/cm. 
The gain on the X - a x i s i s 3.35 and on the Y - a x i s i s 
2 . 2 6 , 
To undor-l ine one of the numbers i n the f i r s t oolumn the 
X - a x i s should s t a r t with the decimal 225 and f i n i s h with the 
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decimal number 235 and the Y - a x i s should be adjusted te one ef 
the fo l lowing decimal numbers aocerding t e the r a l r e numberst 
24. 46, 68„ 90, 112, 134t 156, 178, 200, 222. 
The deoimal values of Y above are s t i l l v a l i d for the f o l l o -
wing second oelumn, but the s t a r t i n g and ending values en the 
X - a x i s should be decimal 245 and 255, for the numbers en the 
seoend column. 
Table 3 summarises the value?; on both X and Y - a x i s r e q u i -
red to underline each valve numbers. (Sec the example i n APPENDIX 
C ) 
5 .2.2 Preparation of The Ramp Signal 
During an-load valve t e s t sequencing, the ac tua l steam 
valve movement from the f u l l y open to the f u l l y closed pos i t ion 
taf|?s approximately 3 seoende. Since the step input response of our 
Governor model i s ten times slower than the actua l system response, 
this .ramp speed has a l s o been assumed to be, 30 seo, ten times 
slower than the ac tua l 3 sec duration. 
Since the 8 -b i t converters are used i n the project , i t was 
assumed that the maximum opening of the valve w i l l occur when 
the f u l l soaSe reading F F ef the converter i n the dr iver c i r c u i t 
e x i s t s . 
The hexadecimal number F F equals to 255 decimal. Te enable 
the computer to produce a pos i t ive going ramp s i g n a l , nought 
to maximum, we may wri te a program where an accumulator i s 
increased by one and each time the new value of the accumulator 
i s stored at the output. Since t h i s w i l l be a loop repeated 
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255 t ines because before the s t a r t the accumulator had been 
cleared, and i t i s required that the loop should take 30 seo, 
the time spent be^gegn^the output two subsequent accumulator 
contents must be:—rrr—— -0.117647058 s e c 
255 
The f i r s t four f igures a f t e r the oomnia may giro the adequate 
app ranimation. But the value i s being taken as i t i s to give 
some idea of how the command NOP (NO Operation) may be used 
f o r accuracy. 
Normally the fol lowing piece of program i s enough to s tore 
the content of the accumulator B a f t e r i d e n t i f y i n g the output 
address and c lear ing B: 
POSGO STAB HiBM 
INCB 
CMPB mmmm 
BLS POSGO 
I n t h i s program dddd i s the output address and mmmm i s the add-
r e s s of the memory locat ion whose content is hexadeoimal FE 
(deoioal 254). T h i s program takes 5+2+4+4°15 cycles and, 
beoause the MPU used i n t h i s work executes one cycle i n 
2 ^ sec, 15x2-30^* sec 
117.647058 msec>0.030msec 
Now a delay loop should de added. The delay loop i s : 
LDX kkkk 
X1 DEX 
BNE X1 
Here kkkk i s the content of the index r e g i s t e r . LDX kkkk takes 
3 Aaohine cycles or 3x2=6^Asec of execution time. 
30^Asec+6 A^seo=> 36y*sec « O.Q36 msec 
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Then, we f i n d that 
117.647058mseq - 0.036 msec = 117.611058 msec. 
DEX and BNE X1 together take 4+4 =8 cycles or 16 j*sec - 0.016msec 
The oentent of the index r e g i s t e r then should be 
117.611058msec 
7350.691125 
0.016 msec 
The decimal 7350 equals to the hexadecimal 1CB6. 
Since 
7350x0.016 mseo - 117.6 msec, 
there i s s t i l l need for a delay time of 11.058 paec 
because 
117.611058 msec - 117.6 msec - 0.011058 msec = 11.058 yeeo 
Since one NOP takes 2 cycles or 4^* sec, two or three NOP should 
be added. Two NOPs take 2x4/*sec •= 8 | i s ec and three NOPs take 
3x4 f* sec » 12jAseo. 
S i a s e 12 juseo i s nearer to 11.056 jiaec than 8JABQC i s , i t has 
beea thought that adding 3 NOPs would be adequate. 
This way of thinking made the loop POSGO to be: 
PGOING STAB dddd 
LUX 1GB6 
X1 DEX 
BNE X1 
NOP 
NOP 
NOP 
INGB 
CMPB mmmm 
BLS PGOING 
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The same idea i s used for the sub-program that would 
giye the negative going ramp s igna l . The sub-program i s : 
NGOBiG STAA dddd 
L9 L£K 1GB6 
BNE L9 
NOP 
NOP 
NOP 
NOP 
NOP 
DECA 
BNE NGOING 
Here two more NOPs have been added to comprise the same length 
of time that CMPB mmmm i n the previous sub-program spends. 
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5.2.3 Flowchart 
The following flewohaxt was prepared to organize the 
problem. 
I 
Ident i fy 
i /O ports 
T 
Arrange Relays Position/ 
/Print heading - 1 / 
f Change Relays' Positions 
Ident i fy Valve 
Re-arrange Relays' Positions/ 
I 
Store Setpoint 
i n a memory location 
I Print 
,e mfitflemstical model 
heading-2 1 
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_ 2 , 
/hod'Posit ion Output1/ 
r 
St ere 'Position Output' 
i n a memory location 
'Apply 'Pen On' command. 
Reduce 'Governor Input' to zero; 
Print heading -3 
/p r in t heading-4/ 
/Restore "Governor Signal"7 
I Print heading -5 / 
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1 
Reduce 'Governor Input* to zero 
Print head i n £-6 
/Print heading - 7 / 
L 
V*S o f f 
Restore 'Governor Signal. 
Print heading -8 
Release pen J 
7 
pan 
jaga_ 
the program 
[again i f desired 
7 
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The system subroutines} 
Positive going ramp 
signal processing 
Reading 
valve posit! en i n 
X-Y arrangement 
f o r valve ident i f ica t ion 
ITTY command print ing 
^ STOP p 
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5*3 Oa-Loa& v alve Testing Prooedure 
Wkea tke program starta running tke relay £2 is ahort-
oirouited, tke relay R3 kaa i t s points B aad 2 skort-
oirouited. Refer to Figure 5*8. Tke pea of tke plot ter 
beoomes o f f . 
Tke TTY pr is ts : 
( 1 ) PRESS SELECT PUSHBUTTON 
( 
Tke MPU okeoks la a loop I f tke SELECT is oa. 
Seleot Valve 
is 
As tke SELECT command"reacked, tke relays R2 aad R3 ekaage 
tke i r positioas so tkat tke model oa tke analog computer gets 
mo iaput signal aad tke X axis of tke plotter gets switoked over 
from i t s valve positioa iaput to tke output of tke ooaverter 
Tl/k - 1• Tke oomputer geaerates tke X aad Y movemeata over tke 
D/A -1 aad l / A -2 respectively. Tke PEN ON oommaad i s also 
oreated by tke software aad fed to tke pea oiroui t of tke p lo t te r . 
Tke Y input value is kept ooastaat wkile tke X Input is beiag 
increased. After underlining the valve number on tke plot ter , 
tke pea i s released and i t goes to i t s set-point siaoe tke 
inputs to botk plotter axes are zeroed by tke program. Tken tke 
relay R2 is short-circuited aad tke X axes is switched baok 
to tke valve positioa iaput. Af ter th is is done, a constant 
input is fed to tke model and tke Y iaput of tke plotter over 
tke OP Amp - 1 • Obviously tke X iaput gets a position output 
as a response to tke Input signal fed to tke mathematical 
model. Tke value applied as tke Input to tke model is also 
stored la a memory looatioa. -73-
The TTY printsJ 2) PRESS TEST PUSHBUTTON 
( 
Then the MPU starts cheeking i n a loop i f the TEST ON command 
hus been applied. 
Press Test Pushbutton 
V/hen TEST is en, the computer reads the valve position 
and stores i t i n a memory location. Then the PEN ON command 
i s applied and the stored value on the B/A -2 i s decreased to 
zero. This results i n zero output of the valve position. The 
plotter draws the output of the model on the analog computer, 
which is the valve position, against the reduoing input,conti-
nuosly. This i s the l ine ABO shown i n Figure 5.11. 
After the pen has reached at i t s bottom stop, the TTY 
prints! 3 ) PRESS TRIP PUSHBUTTON 
( 
The MPU starts checking in a loop i f TRIP i s ON. 
Press Trip Test Pushbutton 
When the TRIP button i s switched on the relays R11 and 
R12 change position so that the input of the pot P2 i s earthed 
and the input of the amplifier B4 i s switched from the output 
• f pot PI2 te i t s own output. (Refer to Figure 5*8). The TTY 
printsI 4 ) RELEASE TEST PUSHBUTTON 
( 
Then the MPU checks i n a loop i f the TEST button has been relea-
sed. 
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Release Test Pushbutton 
This in i t i a tes the execution of a subroutine which increa-
ses the input voltage to the model on the analog computer. This 
input value i s inoreased from zero to the value existing before 
the f i r s t TEST ON oenmand was applied. Since the TRIP ON com-
mand has switched o f f the Power Piston input, the X input of the 
plotter stays at zero and the Y input moves from zero to the point 
C. Figure 5*11 shows this by drawing a l ine between the points 
0 asd C Then the TTY prints: 5 ) PRESS TEST PUSHBUTTON 
( 
The MHJ checks i n a loop i f the TEST button has been pressed. 
The pen Btays at the point C i n Figure5.HuntU the TEST button 
i s pressed down. 
Press Test Pushbutton 
This starts the execution of a subroutine that would give 
the decrement on the input value cf the model u n t i l this input 
signal reaches at zero. lur ing the decrement of the model input 
the pen moveB from the point C to 0 indicating that the TRIP 
i s s t i l l en and the Governor i s getting the closure signal. 
When the pen reaches at i t s bottom stop, the TTY prints: 
6 ) RELEASE TRIP PUSHBUTTON 
( 
The MTU starts checking i n a loop i f the TRIP button has been 
released. 
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Release Trip Test Pushbutton 
Releasing the TRIP button results i n the position changes 
of both relays R11 and R12 simultaneously so that the input of 
the pot P2 i s switched back to the output of the amplifier 2A2 
and the input of the amplifier B4 i s switched back to the output 
of the pot PI2. (Refer to Figure 5*8). Then the TTY prints: 
7 ) RELEASE TEST PUSHBUTTON 
( 
The 14PD checks i n a loop i f the TEST button has been released. 
Release Test Pushbutton 
The Governor gets i t s operating value, before the test 
aeqjtenoing had been started by pressing the SELECT button back. 
The pen moves from i t s bottom-stop to the point A over the l ine 
OEA in Figure 5*8. The the TTY prints: 
8 ) RELEASE SELECT PUSHBUTTON 
( . • 
The MPU cheeks i n a loop i f the SELECT button has been released. 
Release Selector Pushbutton 
This in i t ia tes a command to release the pen. 
5.4 Test Results 
Far a typical test, the program was run af ter having adjusted 
the specified setpoint of the plotter. At the end of the test, 
the teletype commands shown i n Figure 5*10 and the plotter re-
sponses i l lus t ra ted i n Figure 5-11 were obtained. 
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As i t i s seen in Figure 5-11» there i s a phase differenoe 
between the valve closure l ine ABO and the valve opening l ine 
OLA which eoourB because of the overall time constant i n the 
analog Governor. I f the delay did net eoour during the closing 
and re-opening of the valve, the pen movement between A and 0 
wouS be a straight l ine . Added to this there 1b a further 
delay which results from the processing time ef the computer 
and the B/A - 2 'b conversion time. Since at coring the contents 
of an accumulator i n extended addressing mode takes f i ve machine 
cycles and one machine cycle takes 2^isec of processing time, 
loading data on a B/A converter takes 10/>seo. | ! The conversion 
time of the D/A f o r f u l l scale reading i s 1 millisecond. 
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A/0 
O 
O/A- i 
O o O 
C A?. 
o 
tea. 
O/A-2 
o 
CA3 
O 
CA4 
Figure 5.2 The top view of the connection box 
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SELECT ® 
TEST ® -
TRIP - O [ > c o4„ 
Rt 
Figure 5-3 Pushbutton connections. 
J 
8ZY86 
3V< 
Gqi'n sO»5 
R3 
s c k O ..J 
_ " I 
Figure 5*4 Zener diode circui t Figure 5.5 The operating input 
connections of the 
relays H2 and R3. 
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t 40K 
Of Amp - 4- . S«in = 2-^^ 
- v -
4 ...-^ S, 
<0K 
/v 
OP Amp .•- 5 . Gain = d. 
Figure 5.6 Existing OP Amp connections in the 
control panel. 
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Figure 5*7 Special purpose loads 
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Flgwre S. 8 Valve testing sys+ervi diagram 
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8 
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IT* 
1) PRESS SELECT PUSHBUTTON 
2) PRESS TEST PUSHBUTTON 
3) PRESS TRIP PUSHBUTTON 
4) RELEASE TEST PUSHBUTTON 
5) PRESS TEST PUSHBUTTON 
6) RELEASE TRIP PUSHBUTTON 
7) RELEASE TEST PUSHBUTTON 
8) RELEASE SELECT PUSHBUTTON 
Figure 5»10 Teletype oommands of the mi or epr8cesser -based en-lead 
valve testing obtained at the end of the test procedure. 
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CHAPTER V I 
MICROCOMHJTBt IMHJMBMTATION OP THE MISTING TSSTIN& 8YSTB1 
Thio chapter doalo trf.th tho dlfforonooo botwoon the codLstiag 
aaalog om-load valve sequeaoiag amd i t s miorooomputer implemeata-
tioa* I t also diaoussos tho dif ferent ways of how the implemeata-
t ioa oos be adapted oa the aotual system. Figure 5.8 should be r&-= 
ferred along*this chapter» 
Some disoussioas about the system software have beea fouad 
to be aeoessary aad they are plaoed ia th is ohapter. Siaoe the 
oa-load valve testlag of oae valve has beea aohieved ia the pro-
ject , a basie idea of how the mioroprooossor-based test lag 
system may be u t i l i s ed to test a aumber of valves of th is type 
i s also givea. 
6*1 D>lf,f oreaoes of Two oa-Load Valve Sequeaoia^s 
Whea the Select i s oa, the aotual system ideat i f ies the valve 
by eaeirouliag the valve aumber oa the left-haad side of the 
plot ter paper, but the model draws a l iae uader the aumber oa the 
rigkt-kaad side of the paper* 
Siaoe the pushbuttoas used ia this projoot glow whea 
pressed there i s ao aeed of aay other sigaal iadioatiag "Oa-
Load Test" ia progress. 
The prooedure of oheokiag the majority-votiag oirouit 
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i n the Servo-Value Amplifier during the ramp operation may be 
aohitved with additional hardware o i ro i i t a and extra seftware 
fa r this purpose. The software them may be plaeed with the 
delay leaps i n the subroutines NGOUJG and PGOIHG ef eur pro-
gram. In fact the ezeeutien of the software f o r this purpo-
se i s time-limited. This l i m i t i s 117*617 msee f o r eur pro-
gram where the ramp takes 30 sec to make the valve move from 
the f u l l y open to the f u l l y closed position. See CHAPTER V, 
5.2.2. 
I f the relay package R1 i s disconnected from the Trip 
pushbutton and operated by a computer controlled separate 
sigoal , l i k e the relays R2 and R3 , there w i l l be no need 
to use extra switches as interlocks, to prevent the acci-
dental valve movement result ing from Inadvertently depres-
sing the Trip button. When the Trip i s en, however, the 
computer controlled relay package R1 w i l l receive a signal 
ever an extra output channel from the microcomputer, and 
consequently the Pewer Piston w i l l become tripped. This 
t r ipping position of the relay w i l l be kept u n t i l the Trip 
i s switched o f f at the end of the test. When the Trip i s 
checked and found to be o f f by the oemputer, the program 
w i l l re-arrange the position of the relays R11 and R12 i n 
the R1 package. 
The Governor and the Teat signals i n our case have been 
assumed to be produced by the computer and fed i n the same 
input. In fact , on the actual system, the test signal which 
i s a ramp signal i s added to the Governor signal and sub-
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traoted fr«n the Gtreaor signal during the valve test. A method 
by whioh th is sort ef operation can be simulated i s sew discus-
sed. 
6.2 The Precedure ef The Test Signal (Ramp) 
Additien Te Governer Signal 
On the actual system, the ramp signal i s added te and sub-
straoted from the operating Governor signal. In this project, 
however, i t was assumed that even the Governor signal was being 
obtained from the eemputer. Because ef th is assumption, a f t e r 
the valve selection had been oompleted a oenstant voltage created 
through the software was fed into the Governor Model, and i t was 
soxoed to olose the valve when the Test button was on and i t was 
i n creased back t e i t s operating valae when the Test button was e f f . 
This can be arranged so that the ramp signal may only be added t o 
a constant signal supposed to be the Governor signal and then fed 
t# the Govern sr. Then the hardware and software should be re-
arranged. The changes i n the hardware configuration i n Figure 
5*8 are shewn i n Figure 6 .1 . Here, the summing amplifier 01, 
the single inverter 02 and the potentiometer 12EC are on the 
Analog oomputer. The re-arranged hardware also includes a 
deuble-pole relay R4. The purpose of the pot 12 EC is the 
calibration. When the Select pushbutton i s en, the eemputer 
changes the position of the relays R2,R3 and R4 i n Figure 6 .1 . 
Them positions' change ensures the fact that during the valve 
ident i f ica t ion the Governor i s s t i l l on-load, and the X and Y 
movements of the plotter generated from the miereoemputer are 
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net effect ing the operating Governor signal. After the iden t i f i -
oatien procedure the relays mentiened above re-gain their positions 
i n Figure 6.1. At this stage of the software already writ ten 
there i s no need of a osnstant input from the mi or computer to 
the OP Amp-1 i n Figure 5.8.to make the valve co-load since there 
i s a positive input call*id "INHIT" to the summing amplifier 01 
i n Figure 6.1 . To provide the olose Governor signal the ampli-
tude of the computer generated ramp signal at the output of the 
amplifier 2A3 should be increased te be equal to the constant 
input signal. This can be done either by reading the constant 
input i n aid l e t t i n g the microcomputer know hew high the ramp 
amplitude i s going to be or by reading the error and checking 
the error against the ramp signal during the time the ramp 
i s being generated. When the error becomes zero the ramp ampli-
tude must hot be further increased. Alternatively, the resto-
rat ion of the operating Governor signal may be achieved by de-
creasing the generated ramp to zero. 
I n the system software, the positive and negative ramp 
generating subroutines, PGOING and NGOING respectively, would 
be exchanged. 
6.3 Discussion Based On The System Software 
In the supervisory part of the software the interrupt 
Request (IRQ) flags ef the PIAs Control Registers were cleared 
before the control modes were set, and the Data Direction 
Registers of the output ports were cleared before the ident i -
f y atian ef these ports as the outputs. For this reason only 
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twenty-six memory locations were needed. In fact , pressing the 
RESET button on the computer before running a program sets a l l 
PIA registers to zero so that these memory locations might be 
saved. But the f l a g clearing i n th is section of the firmware 
guarantees the fact that no malfunction w i l l oocur because of 
the software even i f a f l a g had been set f o r any reason before 
the program was run. 
For the teletype (TYY) commands eaoh word to be printed 
has been wri t ten i n subroutine-form and an adequate set of 
these subroutines are called each time the operator's attention 
i s to be drawn. This way of pr int ing the commands calls fo r 
less than four hundred memory locations (356). However, i f 
eaoh piece of the program of the commands to be printed on the 
TTY was placed at the beginning of each system test step, 1140 
memory locations would be needed. By preparing the software 
portion fo r this purpose i n subroutine-forms more than 700 
memory locations have been saved. 
6.4 Adaptation of the Microprocessor-Based Single Valve 
Testing System To Multi-Valve Testing System. 
Only one Governor System controlling the position of one 
valve has been simulated and valve testing of one unit has been 
outlined i n this project. 
To adapt the valve testing system i n Figure 5«8 to a mul t i -
valve testing system some hardware and software reconfigurations 
must be done. In the single valve testing system i t was assumed 
that the operating Governor signal was processed by the computer, 
and to close the valve this signal was zeroed and then increased 
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to open the valve. I f a l l the valves on a steam turbine system 
ass receiving their operating signals from the computer output 
channels, then dosing or opening each valve requires the signal 
on each dedicated analog output to be zeroed or increased by 
meanB of the system software. I f one select pushbutton i s dedi-
cated to each valve, a l l the select signals may be input to the 
computer. The software prepared f o r this purpose checks each 
select input i n turn and when one of the select buttons i s on 
then the program loads the necessary data i n the dedicated me-
memery locations to be referred during valve ident i f ica t ion . 
The ocmputer may also switch an X-Y plot ter 's X input from one 
valve position output to a computer output channel and then 
provide both X and Y movement. After a valve ident i f ica t ion 
the computer switches the X and Y inputs of the plotter to the 
position output and the Governor input channel of the valve to 
be tested by arranging a set of relays. Since the computer 
w i l l know which valve i s to be tested a f t e r checking the select 
inputs, i t should not be d i f f i c u l t for the computer te arrange 
the relay positions so that the plotter i s switched to the valve 
under test. In the software, a f t e r establishing the i/O ports 
and the TTY has printed the " P R E S S SELE3T'1 command, the oomputer 
starts cheoking a l l select inputs i n a loop. When one pa r t i -
csjLar select button i s on, then the program may jump to a 
subroutine and load the data dedicated to that particular valve 
i n the dedicated memory locations to be referred to during the 
valve ident i f ica t ion . In our program, the subroutine VALNUM 
stands fo r this purpose. I f there are, say, twenty valves and 
select input channels, then there should be twenty subrouti-
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nes each ef which loads different, maximum X, minimum X and Y 
values i n the dedicated memory locations. When the Test is on, 
the position output of the desired valve may be switched over 
one input channel of the computer. So there i s a need of 
only one input channel to read the desired valve position. 
One test input w i l l be enough to check i f the test button has 
been pressed. When the valve closure or epenning i s desired, 
the software may cal l a subroutine to ident i fy whioh computer 
output channel should receive the closure or ©penning signal. 
The common negative or positive going ramp processing sub-
routine may be used fo r any valve. 
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Figure 6.1 Hardware configuration for the simulation 
of the ramp signal addition procedure. 
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APPENDIX A 
BLOCK CALCULATIONS FOR ANALOS COMPUTER MODELLING-
The block calculations of the reduoed system have bees done 
Step by step as the following t£z^ ( Ei is blook input signal 
and Eo i s block output signal)• 
BLOCK I - Servo-Valve 
&2 
1 + T5S 
Eo 62 
Ei 1 <; T5S 
Eo + T5SEO = G2Ei 
T5SEo = G2Ei - Bo 
T5Eo =J(C2Ei - Eo) dt 
For 02 = 2.666 and T5 = 0 .1 , 
i t can bo written 0.1Eo =J(0.2666 x 10 x Ei - Eo)dt 
Figure 7. (a) . 
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BLOCK I I - Primary Aotuator 
&3 
(1 • T6S)S 
Eo &3 
Ei (1 + T63)S 
SBo • T6SZEo s 63E1 
T6SE0 = 1 x GJEi -Eo 
5 
Wo may also write this equation i n the following form; 
1 6 3 2 0 = 1 z G3 x E i - S B o = 1 (G3 xEi -SEo) 
S S S 
In. time-domain:, jthis becomes 
T6 =J(G3 x Ei — ) d t x 
dt J' ' dt 
For &3 s 1.25 and T6 = 0,1, the equation may be writ ten as 
n . dEo f , dEo 
°« 1 = / (0.125 x 10 x Ei - ) d t 
dt J dt 
Figure 7 .(b) . 
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BLOCK V I - Power Pistoa 
G6 
(1 • T8S)S 
£o G6 
Bi (1 • T8S)S 
dEo r . dEo . 
T8~-— =J(G6Ei - )dt 
dt d t 
For G6 S O,o755 and T8 =0.01, i t beoomes 
dEo r dEo 
0.01 = J(o.o755Ei )dt 
dt J dt 
At the point A i n the diagram we have a signal 
C arret ponding l o 
1 Q-1 dEO pjgyyg ^ ^ ft ^ \rf . 
dt 
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APPENDIX B 
YllWIhRfi ' D I K J C H I P T I O N A N D PROGRAM L I S T I N G 
I t was possible to punch the program onto computer cards 
and store the program in a memory f i le of the Newcastle IBM 
computer. Then this host computer could be instructed to 
compile the assembler coded program into machine code. An 
object tape of the machine code could then be obtained by 
using the departmental minicomputer Varian V73 because the 
Varian can easily be linked to the Newcastle computer. 
But, our program was loaded via a keyboard and then 
the object tape of the program was obtained from the M6800. 
Since the software was developed atep-by-step, entering the 
program parts via the keyboard was le3s time consuming than 
the procedure of obtaining the machine code by using the IGLI 
computer and V73 microcomputer. 
The software written for the project is given in the 
U^.i. Gil Mllfc C d < All*3 p i . Uf^ LCWU Cm(li.tCUlUt3 VI.kUl.1 (iilCJ..L auuJ.CQOCa 
in the successive memory locations are in a table form. The 
subroutines are arranged in two croups. GROUP-1 includes the 
subroutines used to produce the output signals, read the input 
signal and store the data in the given memory locations. But 
the subroutines in GROUP-II are utilized to enable the TTY to 
print tho commands to the operator.fi5] , 
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Memory 
Locat ions 
Fran To 
The Purposes o f the Program I n s t r u c t i o n s 
0586 
0587 
05C2 
0 5 E 5 
061A 
05 C I 
05DE 
05 F1 
0634 
I n h i b i t i n g the microprocessor f rom s e r v i c i n g an 
i n t e r r u p t f r o m a p e r i p h e r a l device . This i n s t r u c -
t i o n d i sab les the iilKBUG i n t e r r u p t r o u t i n e and 
enables the use o f the i n t e r r u p t reques t f l a g s o f 
the H A c o n t r o l r e g i s t e r s as t e s t b i t s w i t h o u t 
causing the program t o jump i n t o a se rv ice 
i n t e r r u p t r o u t i n e . 
Supe rv i s ing the whole program i n general terms. 
But the i n s t r u c t i o n s i n the l o c a t i o n s 05AD t o 
05B4 o f t h i s s e c t i o n i d e n t i f y GA2 and CA4 as ou t -
puts , and make CA2 and CA4 s t a y i n g a t low. 
Enab l ing the t e l e t y p e t o p r i n t : 
( 1 ) PRESS SELECT PUSHBUTTON 
( 
Checking i f the SELECT i s on or n o t . 
Supp ly ing the d e f i n e d values t o the X i n p u t and 
the Y i n p u t of the p l o t t e r . These values are 
hexa-decimal P5 f o r the X a x i s and 9C f o r the Y 
a x i s . There a re two delay loops , one of which i s 
a f t e r t h e X inpu t i s g iven ( l o c a t i o n s 0623 t o 
0628) and the other i s a f t e r the Y i n p u t i s g iven 
( l o c a t i o n s 062F t o 0634). These delay loops are 
necessary to ob ta in the smooth jumping of the pen 
of the p l o t t e r t o the va lve number on the p l o t t e r 
- 1 1 * -
0635 0639 
06 3A 0640 
064B 06 50 
0651 0655 
paper. The Y a x i s va lue , the minimum and the 
maximum X a x i s valueu ure s to red i n the memory 
l o c a t i o n s 0001, 0000 and 0002 r e s p e c t i v e l y v i a 
the VAIJNUM sub rou t ine . As the S E L E C T command 
reaches the MPU loads these values i n t h e i r 
l o c a t i o n s and then the s t a r t i n g values o f the 
both ax ises are placed on the corresponding 
p l o t t e r ax i ses . 
A p p l y i n g the F E N ON command t o the p l o t t e r . 
This i s achieved by s e t t i n g the PIA 's c o n t r o l 
l i n e CA4 t o the l o g i c 1 t h a t corresponds t o 
5 v o l t s . 
Drawing an i d e n t i f y i n g l i n e under the v a l v e 
number. Since the number has a l r eady been 
reached by the p l o t t e r pen and the P E N ON 
command ha3 been a p p l i e d , i n c r e a s i n g the value an 
the X a x i s t o a constant va lue makes the pen draw 
a l i n e p a r a l l e l t o the X ax i3 of the p l o t t e r . 
For t h i 3 p a r t i c u l a r program, a f t e r the P E N ON has 
been a p p l i e d , the computer output t o the p l o t t e r ' s 
X i n p u t increases f rom the hexadecimal F5 t o FF. 
The delay l o o p . Th i s delay loop ensures the 
smooth r e t u r n t o the s e t - p o i n t on the p l o t t e r . 
Releas ing the pen. The pen i s re leased when CM 
i s de-energised. 
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O676 V ia these i n s t r u c t i o n s the pen moves to i t s set 
p o i n t . This i s done by decreasing the values an 
the X and Y a x i s t o zero i n sequence. The de lay 
loops i d e n t i f i e d by L4 and L5 are used t o prevent 
the pen f rom sudden jumps. 
0680 S h o r t - c i r c u i t i n g the r e l a y R2 and s w i t c h i n g the 
po in t B of the r e l a y R3 t o the p o i n t 2 by ener-
g i s i n g the PI A c o n t r o l l i n e GA2. 
068D S t o r i n g an i n p u t value t o the mathematical model 
i n the memory l o c a t i o n 0F00 and a l s o g i v i n g the 
same va lue t o the model i t s e l f . The va lue i n the 
program i s hexadecimal CO. 
0699 Two delay loops . Since the model i t s e l f takes 
1 = 75 0 e <? to response to the s tep i n p u t , these two 
loops are necesaary t o g ive enough t ime t o the 
model t o response adequately. Here two delay 
loops takes 2.1 seconds of execut ion t i m e . The 
reason why 1.75 s e c "as no t used was the f a c t 
t h a t the p l o t t e r response was t a k i n g longe r than 
t h a t of the model. 
06A7 Enab l ing the TTY t o p r i n t : 
2) PHESS TEST PUSHBUTTON 
( 
1 2 1 -
06A0 06B6 Chucking i f the TEST i s on or n o t . 
06C2 O6C4 Reading the va lve p o s i t i o n v i a the VALPOS sub-
r o u t i n e . 
06FF 0703 A p p l i c a t i o n o f the PEN ON command by s e t t i n g the 
PIA c o n t r o l l i n e CA4 t o the l o g i c 1 . 
O7O4 O709 Decreasing t h e model i n p u t t o zero v i a the sub-
r o u t i n e NGOING. 
071D 072A Enabl ing the TTY t o p r i n t : 
3) PRESS TRIP PUSHBUTTON 
( 
072E 073A Checking i f the TRIP i s on. 
0750 075D Enab l ing the TTY t o p r i n t : 
4) RELEASE TEST PUSHBUTTON 
( 
07 61 0793 Checking' i f the TEST b u t t o n has been re leased . 
0794 0796 Enab l ing the computer t o g ive a p o s i t i v e g o i n g 
s i g n a l t o the model v i a the subrout ine PGOING. 
1 2 2 -
0 7 B 3 
07 C2 
07 D3 
07 EC 
07 FA 
08 0C 
001A 
C83A 
0855 
07CO 1 Enabl ing the TTY t o p r i n t : 
i ) PRESS TEST PUSHBUTTON 
07 DO 
07 D6 
07 F9 
0806 
0819) 
0828 
033D 
0862 
Che c i t ing i f the TEST b u t t o n has been pressed 
do vol. 
Reducing the model i npu t t o zero through the 
subrou t ine HGOIIJG. 
Enab l ing the TTY t o p r i n t : 
6 ) RELEASE TRIP PUSHBUTTON 
( 
Checking i f the TRIP b u t t o n has been re leased 
Enab l ing the TTY t o p r i n t : 
7) RELEASE TEST PUSHBUTTON 
( 
T e s t i n g i f the TEST bu t ton has been re leased. 
Supply ing back the ope ra t i ng inpu t s i g n a l of the 
va lve c o n t r o l device be fo re the t e s t sequencing 
had s t a r t e d . 
Enab l ing the TTY t o p r i n t : 
8 ) RELEASE SELECT PUSHBUTTON 
( 
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086A 0876 T e s t i n g i f the SELECT b u t t o n has been re leased . 
087E 0682 Releas ing the PEN ON command. 
088C 088E Enabl ing the operator t o do the t e s t sequencing 
aga in . 
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GROUP I 
Memory 
Loca t ions 
Prom To Name 
S u b r o u t i n e s 
Purposes 
OQOF 06AO ilGOING 
0QA6 0 0 B 9 PGOING 
08 C5 03 DB VALPOS 
S t o r i n g the contents of the accumulator 
A a t the output address 800C, decreas ing 
A by one and c o n t i n u i n g the s t o r i n g u n t i l 
the value i n A becomes zero . Th i s p ro-
cedure i s done so t h a t 3 seconds of 
processing t ime are spent u n t i l the con-
tents of A drops t o zero f rom the hexa-
decimal FF. 
S t o r i n g the contents of the accumulator 
B a t the output address 300C, inc remen t ing 
3 by one and comparing the new va lue w i t h 
the contents of the memory l o c a t i o n 0F00. 
S t o r i n g continues u n t i l the value i n B 
becomes equal t o the va lue compared w i t h . 
I n t h i s subrou t ine , i n c r e a s i n g the con-
t e n t s o f B from 00 t o hexadecimal FF takes 
3 sec of execu t ion t ime . 
Reading the model output a t the i n p u t 
po r t address 800A and s t o r i n g i t i n the 
memory l o c a t i o n 0503. 
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08E6 08 FA VALNUM S e t t i n g CA2 t o h i g h r e s u l t i n g i n the 
f a c t t h a t the r e l a y R2 becomes open-
c i r c u i t and the p o i n t s 13 and 1 o f the 
r e l a y 113 becomes s h o r t - c i r c u i t . 
S t o r i n g the hexadecimal data F5, 9C 
and FE i n the memory l o c a t i o n s 0000, 
0001 and 0002 r e s p e c t i v e l y . 
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GROUP I I 
Memory 
Loca t ions 
S u b r o u t i n e s 
From To Name Purposes 
0314 033C PRESS Enabl ing the TTY t o p r i n t a c lose -
bracke t and leave a space. Then the 
TTY p r i n t s the l e t t e r s P, R, E, S and 
S. These p r i n t e d l e t t e r s are f o l l o w e d 
by a second space. 
033D 0351 TRIP Enabl ing t h e TTY t o p r i n t T, R, I and P. 
03 5A 03A0 PUSBUT Leaving a space and p r i n t i n g the l e t t e r s 
P, U, S, : i , B , U, T , L', 0 and N. This 
ope ra t ion i s f o l l o w e d by a Carr iage 
Return and a L ine Feed command. Then the 
'i'TY p r i n t s an open-bracket character a t 
the beg inn ing of the next l i n e . 
03 CE 03E2 TEST The TTY p r i n t s the l e t t e r s T, E. S and T. 
03E3 0401 SELECT The l e t t e r s S, E. L , 2 , C and T a re 
p r i n t e d . 
0402 043 5 RELEA3 P r i n t i n g a c lose-parenthes is character , 
l e a v i n g a space and then p r i n t i n g the 
l e t t e r s H, E , L , E, A, 3 and E. A 
- 1 2 7 -
second space i s obtained after tli03e 
letters have been printed. 
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APPENDIX C 
SSUCTION OF A VALVE NUMBER ON THE PLOTTER PAPER USED WITH THE 
MICROPROCESSOR-BASED VALVE TESTING SYSTEM. 
I f i t i s desired t e underline the number 1 4 en the p l e t t e r 
paper, the 'Lead Accumulator A' ins truc t ions 4 r e t e be leaded 
with 2 4 5 » 2 5 4 and 1 5 6 decimal numbers i n the memory loeat iens 
08EB, 081^, and 08F0 respec t ive ly . Then the s p e c i f i e d setpeiat 
i s arranged. When the program runs, the p l e t t e r draws the l i n e 
under 14 i f the command SELECT i s on. 
Checking back can be dene as the fol lowing: 
F i r s t l y , because of the s p e c i f i c a t i o n of the condit ional 
Jump i n "fee memory loca t ion O647, during underliningthe valve 
number 14 the maximum number en the Output Regis ter that i s 
connected to the converter D / A -1 on the X input path of the 
p lo t t er i s decimal 255 but net 234. This f u l l s c a l e reading 
g ives 3.8 v o l t s . The decimal 243 and 156 correspond t e 3.65V 
2.32V respec t ive ly . Since the gain of the a m p l i f i e r en the 
X - a x i s i s 3 .35, the s igna l s 3 0 6 5 V and 3.8V should be mul t i -
p l i ed by 3 .35. The gain of the a m p l i f i e r on the Y - a x i s i s 
2 . 2 6 . Then the s ignal 2.32V should be mult ip l ied by 2 . 2 6 . 
3.65V x 3.35 - 12.23V 
3.8V x 3.35 - 12.73V 
2.32V x 2 .26 - 5 . 2 4 V 
Since the s c a l i n g on both axes i s the same 500mV/cm, the ampli-
f i e r s ' outputs should be divided by 0.5V/cm. Then the minimum 
value on ,the X - a x i s i s 1 2 . 2 3 V 
0.5V/cm 
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12 73V 
the maximum -value en the X - a x i s i s *' - 25 46 cm 
O1.5V/om 
the r a l u e «n the Y - a x i s i s 5 » 2 4 y m 10.5011 
0.5V/oa 
These a r t the diadtanoes fxern the set point af the p l e t t e r . As 
i t w i l l Too seen frem Figure SJJ, these are the correct distances 
f o r the nussber 1 4 * 
Un 
& 1 
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